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PREFACE. 

The present series of studies on the behavior of birds is a direct outgrowth 
of an investigation made on the noddy and sooty terns nesting on Bird Key, 
Tortugas, Florida, by the writer under the auspices of the Marine Biological 
Laboratory of the Carnegie Institution of Washington in 1907 (publication 
103) . The homing " instinct'' is the central topic in all the papers. In the 1907 
investigation the fact appeared that terns possess a hcHning sense, behaving 
exactly as do homing pigeons when sent away from their nests and young. 
Such good subjects did the terns appear to be that it was soon decided to make 
this homing sense the chief object of the Tortugas researches. The topo- 
graphical situation of Bird Key makes that island especially suitable for carry- 
ing out such experiments. In the first place, it is the northern limit of 
migration of these tropical birds. It becomes possible there to test whether the 
birds can home in a region never before, in all probability, visited by them. 
This can be accomplished by sending the birds an3rwhere north of Bird Key. 
Secondly, on account of the fact that Bird Key is the last body of land between 
the coast of Florida and the coast of Texas, the birds can be sent out for hun- 
dreds of miles over open water. There is thus afforded an opportunity for 
testing homing where apparently no ''visual landmarks" can exist. These 
two conditions have never before been realized, and they are conditions which 
are indispensable in even a preliminary scientific study of homing. 

The 1907 investigation already referred to is concerned largely with instincts 
in terns — ^those of feeding, nesting, brooding, etc. It was necessary to have 
some survey made of these instinctive types of behavior before the homing 
instinct itself could be investigated. A part of the opening paper, pp. 35-45, 
in the present series gives much additional data on the nesting activi- 
ties which have a bearing upon the control of experiments on homing. These 
observations are concerned with the instincts connected with the brooding of 
the egg, such as the niunber of shifts at the nest; retention of mate and nest 
habits; water habits and instincts, etc. It is thought that these observa- 
tions, when taken in connection with those made in the first study, afford accu- 
rate means of testing the homing ability in these two species of terns. 

Having made the necessary investigation of the instinctive life of the terns, 
it became possible to carry out homing experiments. Preliminary experi- 
ments in 1910 (p. 47) showed clearly that in order to make a success of the 
work, some well-trained investigator would have to be sent out with the birds. 
In the 1910 work the terns were sent out with responsible men attached to the 
laboratory but who had had no training in feeding and caring for them. On 
account of this, usually something like half of the birds died en rauUf and the 
rest were released at the more distant points in very poor condition. In 
order to meet this difficulty. Dr. K. S. Lashley was asked in 1913 to associate 
himself with the work. The very successful returns from the second Galves- 
ton trip (p. 54) are due largely to his care of the birds on the forward journey. 

In addition to his invaluable aid in the problem of distant orientation. Dr. 
Lashley separately began a study of proximate arientatian (p. 61), t. e., of the 
behavior of the terns in locating the nests, mates, young, etc. This paper, in 
addition to supplementing the work on distant orientation, opens up a wealth 
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of new problems on bird activities in general, and furnishes methods which 
may acquire a usefulness much wider than their present connections. 

Our experiments and conclusions on homing proper will be found on pages 
59 and 60. These results, while not settling the question of the sensory 
mechanism by means of which the birds return to the nests, do remove all 
doubts about Ae fact thai the noddy and sooty terns can return from distances up 
to 1,000 miles in the absence of aU landmarks (at least in so far as the term 
landmark is understood at present). The problem of homing has thus become 
defined, and experimental work o( a definite kind is needed for its solution. 
The paper on vision in birds (p. 87) seeks to gain some insight into the question 
as to whether the birds have any special visual equipment (such as infra-human 
sensibility to rays of light, sensitivity to infra-lmninous rays, etc.) which 
might be employed by them in finding their goal. This paper marks only 
the beginning of the research into the sensory mechanism possibly used by 
birds in homing. So far we have not been able to locate the sensory factors 
used in return, but we are far from being without hope that future studies 
may yield results which will enable us to solve the riddle which has been pro- 
pounded to scientific men of all ages, but as yet never satisfactorily answered. 

The final paper by Dr. Lashley, on the acquisition of skill in archery, 
has of course no connection with the work on homing. Its inclusion in the 
present volume is made desirable by the fact that the work was begun at 
Tortugas under the same arrangements that were made for the other investi- 
gations. 

Both Dr. Lashley and I wish to express our thanks to Dr. A. G. Mayer, 
Director of the Marine Biological Laboratory, for his generous assistance in 
these investigations. 

John B. Watson. 

The Johns Hopkins Univbbsitt, 

February 1916. 
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AN HISTORICAL AND EXPERIMENTAL STUDY OF HOMINa 



INTRODUCTION. 



In 1907, while the senior author was making a study of the nesting behavior 
' of the noddy and sooty terns at Bird Key, Tortugas, Florida,* the fact was 
observed that these birds possess a wellndeveloped homing ''sense/' Only 
a few experiments were made at that time (see p. 46), but the results were so 
promising that Dr. Alfred G. Mayer, Director of the Marine Biological Station 
of the Carnegie Institution of Washington, made special arrangements for 
the continuation of the work in 1910, 1912, and 1913. Since the homing sea- 
son is* only 5 to 6 weeks in length (being limited to the laying and brooding 
periods), the present summary of the three years' work is far from being satis- 
factory. Notwithstanding our failure to work out conqiletely the problems of 
homing in the terns, we feel that we have made so many improvements in our 
technique — ^in the matter of caring for the birds on trips, locating them on 
return, etc., that it is advisable to report both what we have on homing and 
on the control of homing experiments. Some care has been taken in the pres- 
ent investigation to supplement the 1907 work on the instinctive Ufe of the 
terns. This was found to be desirable in view of the fact that in the control 
of the experiments on homing it becomes essential to have some accurate data 
on the ability of the birds to swim and to remain on the water at night; the 
length of time the nesting impulse remains strong; the length of time habits 
of reacting to one nest and to one mate are retained, etc. The actual experi- 
mental material on distant orientation will be given in detail, but the observa- 
tions upon the instincts and habits of the birds will be presented in a more or 
less abridged form. 

On pages 34 and 35 we give the location of Bird Key, a description of the 
colony of terns dwelling there, and the complete setting of our experimental 
work. 

Before presenting our own work we shall give in some detail the general 
historical setting of the problem of homing in vertebrates. 

HISTORICAL OUTLINE OF THE PROBLEM OF HOMINC 

According to Exnerf the problem of homing is a very ancient one. 
The earliest mention of the use of the homing pigeon is found in the writings 
of Anacreon (bom 550 B. C). The pigeon post as an institution reached 
probably its highest d^ree of development in the reign of the Caliphs — ^in the 
year 1200 A. D. For hundreds of years the whole of Persia, Servia, and Egypt 
was covered with pigeon cdtes owned by the govemnient, and attached to each 
was the official post-office and the official postmaster. That the Crusaders used 
pigeons to transmit messages to their friends and relatives is also well known. 

Probably the use of these birds in times of war, and especially in besieged 
fortresses, is best known. So important was their use in this respect that 

*John B. Wataon: "The Behavior of Noddy and Sooty Terns." Carnegie Inst. Wash. Pub. 
103, p. 189. 
f'Das R&thsel der Brieftauben/' Wien. 1892. 
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until 1850 almost every army post and fort had its cdte and was supplied with 
pigeons from other military fortresses. Indeed, the French extended the use 
of the homing pigeon to the field by equipping the cdtes with wheels (traveling 
cdtes) and training the birds to return to these rolling habitations regardless 
of their location. They further extended the use of the homing pigeon by 
establishing cdtes on board war vessels. The commercial value of the pigeon 
post has been very great indeed. Practically all of the boards of trade in 
the large cities of Europe were once supplied with homing pigeons. Their use 
in obtaining advance information concerning crops, local insurrections, rumors 
of war, etc., can hardly be overestimated. Newspapers likewise were supplied 
with such pigeon posts. A rather lengthy dispatch could be sent, when it is 
remembered that the message, after it was written, could be micro-photo- 
graphed in such a way that 50,000 words could be contained on a paper which 
had a weight of less than 0.5 gram. The dispatch could then be read under 
the microscope by the receiver. 

The decline of the usefulness of the pigeon dates back to the establishment 
of the telegraph and field telephone lines, and on sea to wireless telegraphy. 
Even in the present European war, if reports may be trusted, the birds are 
used to some extent in the scouting work of the balloon and aeroplane corps. 

ClaparMe* has given a very brief description of the theories of homing and 
of the problems in homing. The theories he classifies as follows: 

1. MagneUe Sense (Viguier-Caustier?).t 

2. Atmospheric CurrerUs, Winds, etc. (Toussenel, Ziegler?). 

"Ideas of the Atmosphere^* (Thausies?); Special Nasal Sense (Cyon). 

3. Direction of the Sun, of Light (Romanes, Lubbock, Wasmann). 

4. Special Force (Fabre); Attraction of Purely Reflex Origin (Netter, Bethe); Tropism 

(Loeb). 

5. RegistrcUion of Detours (Darwin, L. Morgan); Conirepied (Reynaud, P. Bonnier). 

6. Points de Rej^, Topographical Memory (Wallace, Romanes, Lubbock, Forel, Fabre, 

Wasmann, Yung, Bouvier, Marchal, Marchand, Buttel-Reepen, I'eckham, 
Rodenbadi, Zie^er). 

7. Direct Perception of Goal (Hachet-Souplet, DucMtel); Telepathy (Duch&tel). 

8. Complex Phenomena Resting upon Intdligence (Cyon). 

9. Hereditary Topographical Memory (Kingsley, Parker and Newton). 

Clapar^e classifies the various problems in homing as follows: 



Goal, 



Already J ^ Perceptible. 
I Non-perceptible 

r IV. Perceptible. 
Unknown - 

. Non-perceptible 



II. Where landmarks are at hand. 
III. With no apparent landmarks 
at hand. 



v. Where intermediary stimulations 

are at hand. 
VI. With no intermediate excitations. 



\ 



♦Archives de Psychologie, n, 1906, p. 133. 

fWhere an author is hard to classify an interrogation point is placed after his name. In many 
oases a given author makes use of more than one theory to account for the different phenomena 
of homing. Many authors whose names appear in the above lists are not again mentioned in 
this report. Reference to their work may be foimd in ClaparMe's bibliography. This bibliog- 
raphy, which is fairly complete up to 1906, is not duplicated here. Many references supple- 
mentary to our own are to be found in it. 
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It will be seen from this table that ClaparMe's treatment is far too broad 
to be of particular service to ns in discussing the narrow division of the field 
of orientation which especially interests us in the present paper. ClaparMe 
includes in his discussion both vertebrates and invertebrates, both proximate 
orientation and distant orientation, and includes under the latter term all 
of the phenomena of migration. In our historical summary we shall deal 
with homing in vertebrates where the goal is "already known" At the outset 
it seems best to divide the subject of homing into two parts: (a) proximate 
orientation and (b) distant orientation. 

PROXIMATE ORIENTATION. 

The term proximate orientation ought to be understood as referring to the 
process of finding the goal (since we are in need of some general term covering 
nest, burrow, cdte, etc., it seems well to let the word goal refer to any of these) 
when the goal itself directly and immediately stimulates the receptors of the 
animal. In other words, in proximate orientation vision, olfaction, audition, 
or some other distance receptor is being immediately stimulated by the goal. 
We might illustrate the process of proximate orientation by citing the case 
of the yoimg bird which does not go out of sight of the goal to feed, and of 
yoimg mammals which stay within call of the parent. It might be equally 
well illustrated in cases of animals with keen smell, which apparently can 
journey quite a distance away from the goal and still return to it by reason of 
the olfactory stimuli which emanate from it. 

An interesting case of proximate orientation occurs thousands of times in 
the course of a single evening on Bird Key. As has been mentioned, the sooty 
tern often flies around the island at night. When it is remembered that the 
island is quite small, that there are probably 30,000 sooties there, and that they 
nest oftentimes not more than 10 inches apart, the problem of their return at 
night after these short journeys becomes a puzzling one. As a matter of fact, 
the bird hovers over the nesting area giving out his call ; he is answered by his 
mate and young and is thus guided to the nest, often on dark nights. In this 
paper, then, proximate orientation will refer to those cases where orientation 
is effected through the action of a stimulus which emanates from the nest 
(sound, light, olfactory particles, etc.).* 

DISTANT ORIENTATION. 

Distant orientation involves always a return to the goal from a distance 
too great for the goal itself to function as a direct stimulus to any known recep- 
tor of the animal. It is obvious that the return in such cases can be effected 
only in one of two ways: (1) the animal may be guided back by a series of 
landmarks to which it has already established reactions (points de repire, 
"visual landmarks," ''familiar landmarks," etc.). Such landmarks may 
appeal to any sense-organ possessed by the animal. If it is keen-sighted, we may 
suppose that the landmarks would be visual; if highly sensitive to olfactory 
stimuli, olfactory, etc. Those who support the landmark theory of homing 
usually suppose that there is a series or chain of such stimuli so placed that 
before one stimulus ceases to act another presents itself. It is obvious that 

*0n certain phases of proximate orientation, see Lashleyi page 61 of this volume. 
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the animal reacts to each of these serial landmarks as it would react to 
the goal itself. An obvious logical implication is that the animal — granted 
that it moves about at random until the first of these landmarks is reached — 
must be able to follow these clues in the direction towards the goal and not in 
the reverse way (in the case of a dog, e. g., there must be no back-tracking). 
Were this not the case, the animal, approaching the chain of landmarks at 
right angles, by turning, e. (7., to the right, would meet a series which, if fol- 
lowed up, would take it home; if to the left, a series which would lead it still 
farther afield. We can conceive, under this hypothesis, of an animal being 
effectually lost in a wilderness of landmarks. In other words, if orientation is 
obtained by reference to landmarks, the trail must be polarized. It is also 
obvious that this hypothesis calls, first, for the ability on the part of the bird 
to form habits of very great complexity; second, that it must form them with 
extreme rapidity to account for the facts of homing (even in cases where land- 
marks are possible). For convenience we shall group all such theories under 
the heading of ''habit theories of return." Such theories are advanced by 
Hachet-Souplet, Hodge, and others. 

It is clear that if it can be proven that birds can return only over stretches 
which afford landmarks, then there is no real problem of distant orientation at 
all. The problem simplifies itself to the determination of what sense-organs 
the animal employs in its normal habits of reacting to objects, the intensity of 
the stimuli which call out such habits, and the rapidity with which such habits 
are laid down, etc. In essence, the problem is as simple as determining 
whether a young animal goes to its nest by reason of the presence of an audi- 
tory stimulus (cry of the parent) or through vision (sight of the nest); or 
gets out of the way of a hawk through the sight of the hawk or its shadow, 
or through the auditory stimulus set up by the crying of its neighbors. 

On the other hand, the animal conceivably may be guided back reflexly 
through the action of some unknown intra-organic or extra-organic stimulus, 
acting upon some assumed but unknown sense-organ. We will call this 
hypothesis (2). We shall develop this conception in connection with the 
"contrepied theory" of Reynaud, the attitude theory of Bonnier, and the 
magnetic sense of Viguier and Thauzies, etc. In such reflex returns no special 
locality or position habits have to be formed. No landmarks are needed. All 
such theories we shall group under the heading of ''reflex theories of return." 

In the historical sketch which follows we have not tried to do justice to all 
theories nor to all experimental data. We have tried to present the more 
important theories and where possible some of the experimental details upon 
which they are grounded. We have spent a disproportionate amount of time 
upon the historical aspect of homing in vertebrates because no one hitherto has 
attempted to treat the subject in monographic form. 
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HABIT THEORIES. 

THEORIES AND EXPERIMENTS ON THE FUNCTION OF VISION IN HOMINC 

Hachet-Souplet* advances some positive proof that vision furnishes the 
data for distant orientation. He has made a number of experiments with 
traveling cdtes. These traveling cdtes are used quite conunonly in France and 
in Belgiimi. We give here his account of some recent experiments: 

After having put in a basket and left at a point (A) a part of the inhabitants of the 
traveling cAte, the exterior aspect of which was known to the birds, we sent the carriage 
forward to a distance of about 5 km. from the point A. The pigeons, released as soon as 
the carriage arrived at B, found it very rapidly. We have repeatedly tested this, increasing 
the distance from A to B up to 10 km. We have found it necessary to place the carriage, 
which is supplied with a laige drapery, in an open territory. The birds have alwa3rB found 
it. If this distance of 10 km. is passed we begin to undergo losses of the birds, and we have 
never obtained returns beyond the distance of 12 km. It is necessary to consider here that 
the birds know nothing (^ the entourage of their c6te. If, proceeding otherwise, we make 
the carriage stationary on its arrival at the new place and allow the birds to reconnoiter 
the inunediate environs before placing them in the basket (in accomplishing this we attach 
the birds to the carriage by cords which allow them to fly up to a height of 35 m.; in 
order to avoid accidents one attaches only two birds at a time) we have been able to obtain 
on the first attempt, without preliminary training, a return of 100 km. This was accom- 
plished by 8 pigeons. At the time this test was made we had sent to the same point of 
release (100 km.) 10 pigeons which had been brought in the caravan without being allowed 
to leave it (that is, they were not allowed preliminary observation). All 10 of the birds were 
lost. This experiment was repeated with the same result several times. 

Hachet-Souplet supposes that the view from the carriage supplied the birds 
with a set of ''visual memories" which they could utilise — t. e., that orienta- 
tion is effected through sight. With regard to the limits within which a bird 
can return through direct sight he states that the limit is much further than 
it is at present believed to be. He considers what he calls the 'Maw of the 
diminution of the necessary intensity of the excitant which determines the 
reaction." (He has in mind here, of course, decrease in the intensity, etc., of 
the visual stimulus through distance.) Naturally one would expect that a 
visual excitation (t. e., one accurate enough to assist in orientation) would 
cease at the point where a clear image ceased to be formed on the retina. But 
the disappearance of a clear image on the retina does not mean a lack of visual 
excitation, according to Hachet-Souplet; for, as the bird gets further and 
further away, the clear image gives place to an '^ imprecise" visual impression, 
corresponding less to the perception of form and determined colors than to a 
sense of "ditjd vufamUier" The impression becomes "mixed" in the sense 
that it bears elements of many different objects. He likens the view that the 
bird gets of a distant goal to our view of a distant forest. When one looks at 
a distant forest one does not see the leaves, and not even the trees separately. 
This author thinks that the " mixed impression" is serviceable at a much greater 
distance than is ordinarily supposed, and he states that refraction adds greatly 
to the distance at which it may function. He maintains that all of the 
calculations showing the heights to which birds must fly to see the cdte have 
been exaggerated because they have not been properly corrected for refraction. 
Given the curve for refraction, it will be possible for the birds to obtain these 

^Hachet-Souplet: VI. Cong. Int. de Pay., 1909, p. 663. 
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"mixed impressions" at all the distances from which they ordinarily home. 
It is well to note (1) that it is not during the forward journey that these "mem- 
ories" are graven in the memory of the bird (they come from previous flights), 
and (2) that these memories which are able to be considered as effective are 
not memories of precise form, but of special impressions of d^d vu. 
Hachet-Souplet gets around many of the facts by denying them. He says: 

One fact which appears out of harmony with the theory of orientation by view are the 
returns from 800 to 1,000 km. which pigeons have effected without training in a direction 
entirely unknown to them, but these facts are controvwted for the most part and are 
alwaya exaggerated. 

Where the facts are incontestable he would explain them on the basis of 
chance. Most of the flights which are considered in our own paper are far 
beyond this limit set by Hachet-Souplet.* 

Schneider'sf conclusions are niunerous, the one of chief interest being as 
follows: 

, The assumption that the carrier pigeons possess an inborn sense of direction is an error; 
for if this assumption were true, then the youjog pigeons ought to find their way equally 
welL The investigations have shown, especially those at Kdnits, that young pigeons, even 
at relatively small distances from their home, have the greatest difficulty in finding their 
way back when the vicinity is at all strange to them, and their home can not be directly seen. 

He then concludes that the young birds utilize, in their early flights, the 
familiar groups of houses, mountains, etc., and that the distances to which a 
bird may be taken safely may be increased conunensurately with the increase 
in the development of his ''topographical memory." This author believes 
that the pigeon can develop not only " Errinerungsbilder " but even "GSedacht- 
nisse." Schneider had had wide practical experience before reaching these 
conclusions. 

Like the previously considered observers, Hodget finds no necessity for 
assuming a sense of direction in the homing pigeon. His experiments were 
made largely upon yoimg pigeons. When they were first released at the cdte 
they circled about the cdte, then flew from one distant point to another, and 
thereby (according to this author) established a system of irisiud landmarks. 
Young birds taken in an open cage half a mile away from the cdte returned 
with few circling flights; but young birds removed in closed cages circle, make 
errors, and even fly for long distances in a wholly wrong direction. Training 
produces almost immediate results in good birds. Only after training do they 
take a straight line and behave as though they had a sense of direction. 

When placed in an unknown neighborhood the bird begins upon a ''line of 
search." "The logical curve of search is a peculiar spiral, the involute of a 
circle, the characteristic of which is that the convolutions are always the same 
distance apart. These distances will be, of course, twice the distance at which 
the object is visible." 

^According to S^billot, quoted by Haohet-Souplet, when homing pigeons are released at the 
sea the altitude at which they fly increases proportionately to their distance from the land. At 
146 km. the pigeons scarcely pass over the normal altitude of 150 to 300 meters; at 200 km., they 
had visibly mounted much higher; at 300 km., the altitude was found to be at least 600 meters. 
In the final test we lose the birds from view in the heights and not at the horixon. 

fSchneider, Q. H. Zeitsoh. f. Psychol, u. Phy. d. Sinnnes., 1905, xl, pp. 252-279. 

^Popular Science Monthly, 44, p. 758. 
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In accordance with this theory Hodge finds as follows: 

Of a large number of birds sent away by rail for longer flights, not one made the return 
trip in lees time than would have enabled Wm to fly on the involute of a circle from the place 
of liberation. This refers to "first flights." The best time made was 26 miles in 5 hours 
and 9 minutes. Three other birds liberated at the same time failed to return. Letting 
the distance to which a prominent landmark is visible be 3 miles, a fair estimate for pigeons 
with some training and over brtdcoi country, the least length of an involute of a circle 
which would bring a bird from a distance of 26 miles to within sight of the loft is 219 miles. 
In 5 hours it is not likely that the pigeon flew lees than 250 miles. 

Duch&tel* advances the highly speculative view that the retina of the bird 
is sensitive to infra-luminous rays, especially infra-red, the waves of which 
are supposed by him to follow the surface of the earth, and consequently are 
not interrupted by its sphericity. In answer to this speculation we are now 
in the position to state that the retina of the homing pigeon is no more sensi- 
tive to these rays than is the retina of the human being. It was to meet 
Duch&tel's supposition that we undertook the work on spectrum sensibility 
in birds, the result of which is shown on pages 87 to 104 inclusive. 

EXPERIMENTS SHOWING IMPC^TANCE OF VISUAL IMPULSES IN HOMING. 

It is generally agreed that pigeons home with diflSculty in cloudy weather. 
Rodenbachf released 6 good pigeons at 10 a. m., 30 km. from their c6te. The 
sun was obscured by clouds. None of the birds returned the same day. Two 
returned the second day after the clouds had partly disappeared; two on the 
third; and two failed to return. Furthermore, EEachet-Souplet^ shows that 
they do not home at all at night. He released pigeons at different hours of 
the day as follows: 

No. 1 at 8 a. m., returned at 8*^ 25™. 

No. 2 at 10 a. m., returned at 10^ 20^. 

No. 3 at 12 m., returned at 12** 20^. 

No. 4 at 4 p. m., returned at 4** 30^. 

No. 5 at 8 p. m., returned at 4^ 15" the following morning. 

No. 6 at midnight, returned at 5^ 5" the following morning. 

From this Hachet-Souplet draws the conclusion that the birds are guided 
back to their nests by an *' attraction visueUe" He n^ects to take into ac- 
count the records we have upon birds which migrate at night. 

Rodenbach also made a test on a blind pigeon. After recovery the pigeon 
was placed before the entrance to its c6te. Guided by the voices of its compan- 
ions it was able to enter the cdte and to beat its way to the right or left. On 
the following day it executed this feat more easily. On the third day it was 
taken some distance from its c6te. Again, guided by hearing, it joined its com- 
panions on the roof. With great difficulty and by making desperate efforts it 
was able at the end of 2 days to reenter the c6te. Some days later the bird was 
released in an open field at a distance from its cdte which a sound bird could 
cover in 10 minutes. The blind bird flew vertically upward without circling, 
then to the south in a direction opposite to its cdte. The bird never returned. 
These results agree with those obtained by Hachet-Souplet upon good fliers 
which had become blind. These birds, when released within 4 leagues of their 
cdte, flew away and did not return. 

*Ann. de psych, lool., i, 1901, p. 22; n, 1902, p. 48. 
fRodenbaoh. Zeitach. f. Brieftaubenkunde, 1895, p. 134. 
tHaohet-Souplet. Annals de pqyoh.-sool., n, pp. 33-60. 



/ 



16 



HOMING AND RELATED ACTIVITIES OP BIRDS. 



EVIDENCE AGAINST HACHET-SOUPLETS THEORY BASED UPON 
MATHEMATICAL CONSIC«KATIONS. 

The evidence we offer below militates against any theory of return over 
long distances at sea based upon vision. It immediately discredits Hachet- 
Souplet's theory of "direct perception of the goal" (as applied to the terns). 

The distance at which an object is visible at sea is expressed approximately 
by theformula d= 1.317 \/x in feet, where d isthedistanceof theobjectinstatute 
miles and x the height of the object above the earth's surface in feet. The 
altitude obtained by this formula is, for shorter distances, approximately that 
obtained by calculating the tangent to the arc of the distance and correcting 
for the mean refraction at the horizon (36' 29'')) but for great distances the 
value obtained is somewhat too great. However, for our problem this error 
is negligible. 

Table 1. 



Distance. 


Height to which 

bird must fly to meet 

H^t-waves reflected 

from land lying juat 

above eea>Ievel. 


Height to which 

bird must fly to meet 

Ught-wavee reflected 

from top of 

lighthouse. 


Least object 

visible, 
30" acuity. 


Least object 

visible, 

4' acuity. 


BtattUe miles. 


feet. 


feet. 


feet. 


feet. 


18 


186 


3.4 


137.0 


1,100 


65 


2,430 


1,407 


496.0 


4,012 




milea. 


miUe. 




miles. 


105 


1.2 


0.9 


792.0 


1.2 


191 


4.0 


3.3 


1,415.0 


2.2 


269 


8.0 


7.0 


2,059.0 


3.1 


300 


9.8 


8.8 


2,270.0 


3.4 


400 


17.4 


16.1 


3,062.0 


4.6 


500 


27.3 


25.6 


3,801.0 


5.8 


582 


36.9 


35.0 


4,435.0 
miles. 


6.8 


700 


53.5 


51.1 


1.0 


8.1 


800 


69.9 


67.2 


1.2 


9.3 


900 


88.4 


85.4 


1.3 


10.4 


1,000 


109.2 


105.8 


1.5 


11.6 


1,100 




132.1 


128.4 


1.6 


12.8 



The second column of table 1 gives the height at which a bird must fly in 
order that its eye may meet with rays reflected from an object at sea-level at 
the distance indicated in the first column, provided that the bird is stimu- 
lated only by light waves ranging from 400 mm to 700 mm in length. The 
lighthouse upon Loggerhead Key is 151 feet in height. The third column of 
the table gives the height at which a bird must fly in order to see the upper 10 
feet of the light tower at the distances given. Even upon the assumption 
that the birds have absolute visual acuity, it is evident that they can not fly 
high enough to be guided by light reflected from the goal for more than a 
small fraction of the distance through which they find their way back. But 
the limitations of acuity are probably even greater than those imposed by 
the curvature of the earth. For man two points of light are not distinguishable 
unless they are separated by at least 30'^ of arc. Hence for a coast-line to be 
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recognizable to man it must present inequalities of elevation which amomits 
to at least 30'^ and these must be relatively abrupt. 

The fourth column of table 1 gives the least observable inequality in the 
coast-line for the distances in column 1 for man. 

The only data upon acuity in birds has been presented by Johnson* on the 
chick and places its acuity at about 4^ The fifth column in the table gives 
the smallest inequality in the coast line which can stimulate such an eye at 
the distances indicated in the first column. The most irregular mountains 
in the region of the Gulf of Mexico, where our observations were made, the 
Sierra Madre, would have, at a distance of 300 miles, the same stimulating 
value for the eye of this bird as a fine straight line seen a few feet away, the 
irregularities bemg lost in the imperfections of its dioptric mechanism. If 
the visual acuity of the homing bird is no greater than that of the chick, or 
even of man, the possibility of its reaction even to an ''imprecise" visual 
impression seems precluded for distances of more than 100 miles. 

A THEORY BASED UPON CUTANEOUS SENSIBILITY. 

Cyon,t although he has contributed largely to our knowledge of the structiu^ 
and function of the labyrinth, does not wish to be confused with those writers 
who attribute to them any special function in distant orientation. Naturally 
they are brought into play in the flight of the bird, but only as a reflex mechan- 
ism involved in the maintenance of equilibration. 

In 1897 Cyon first announced his own theory. The theory advanced 
posited a SpUrsinn, which has its location in the nose. This sense may be 
wholly independent and separate from the ordinary olfactory sense. In sup- 
port of his theory Cyon refers to the well-known fact that the hunting-dog can 
at great distances find a person to whom he is attached. Why should not the 
homing sense be bound up in other animals with this sense? The fact that the 
sense of smell is so little developed in birds can mean nothing but that they are 
not sensitive to odors which affect the human being. This fact does not mili- 
tate against the view that the organ of homing may have its seat in the same 
organ, without being identical with the olfactory organs. Many people from 
their youth are lacking in the sense of smell; they show a remarkable inabil- 
ity to orient themselves, not only in cities with which they are most familiar, 
but also in large buildings, especially if the latter are laid out synmietrically. 
They require time to orient themselves in a new building. Cyon suggests also 
that the work of Bethe on ants and bees seems to speak for a division in the 
olfactory sense. 

Cyon's preliminary experiments showed that the birds were insensitive to 
ordinary smell substances. The birds showed no reactions when oil of cajuput 
and asafoetida were offered. On the other hand, they were found to be so 
very sensitive to ammonia that it may be used to test the amesthetizing effect 
of cocaine. Fanciers sometimes hold that pigeons react to the nest by 
reason of smell. To see if this was well founded, Cyon blinded a brooding 
pigeon by closing the eyes with cotton soaked in collodion. The experiments 
were carried out in a house the third story of which contained a cdte. The 

*Jouni. Animal Behavior, 1014, p. 340. 

tC^n, E. von: Ohrlabyrinih, Baumsiim und OrientiruDg, PflOger's Archiv, lxxix. 
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bird remained immovable. She only flew when tossed up in the air. In spite 
of the open door, she made no effort to return to her nest. Even in the vesti- 
bule she made no attempt. She did not return to the nest if placed just in 
front of it, but remained on the spot. This test shows only that the ordinary 
olfactory sense is not acute in the pigeon. 

On the basis of an experiment to be described, he advanced the view that 
the direction and temperatvre of the wind act upon the o^actory mvcoue membrane. 
As we understand him, his theory is based, on its sensory side, upon the func- 
tioning of the tactile nerves (largely V^) in the nasal cavity. 

Cyon's experimental data in support of this theory are exceedingly limited. 
He selected 3 young homing pigeons of equal age and ability, which had 
been trained to return from distances of 4 to 500 km. (direction not stated). 
Pigeon A was used as a norm. Pigeon B had the anterior nares closed with a 
cocaine-saturated plug, the whole coated with collodion. In the same man- 
ner the auditory meatus of pigeon C was closed. The 3 birds were carried 
at 7^ 30°" a. m. from Spa in a railway carriage to the station at Huy, which by 
rail was 60 to 70 km., and in an air-line, 50 to 55 km. from Spa. Huy was 
chosen because it lay in a valley and was separated from Spa by a mountain. 
The weather was clear and fine. Pigeon C did not stand the trip very well and 
ate apathetically the day before release. They were released in the following 
order: A, at 10*» 13~ a. m.; B, at 10*» 19~ a. m.; C, at 19" 26" a. m. There 
was some difference in the orienting flight. The norm. A, arose perpendicu- 
larly and began to make the characteristic circular flights. It then took sud- 
denly the direction of northwest, following the line of the railway. B ascended 
fully as rapidly, but not perpendicularly, veering towards the east. Finally 
it took the direction south. C was released 7 minutes later and arose with 
slower speed; its circles were smaller; oftentimes, in place of going higher, 
it descended. It took the direction east. Pigeon C (auditory meatus closed) 
was the first to reach home, at 11^ 35°^. It required, therefore, 1 hour and 9 
minutes for the trip. The normal pigeon appeared at 12, requiring 1 hour and 
47 minutes. It probably chose the railway back, going through Ltittich and 
Peppinster, while C probably chose the air-line. Pigeon B (nasal passages 
closed) appeared 4 days later, September 6, between 4 and 6 p. m. This bird 
required 78 to 80 hours for the trip. It was found that the nasal passage 
was completely clear, both of the cotton and collodion. 

Cyon does not believe that this belated return was accidental, nor that the 
pigeon was held in durance, because a large price was offered for a report of it. 
He feels that the bird wandered more or less aimlessly until it could free its 
nose of the plugs, after which it sought its way home. Cyon's position may be 
summarized as follows: (1) Orientation, in the last analysis, depends not upon 
purely instinctive and reflex processes, but upon intelligent adjustment (habits 
based largely on cutaneous sense). (2) Orientation is attained with the help 
of two senses: '' . . . des Gesichtsinnes und eines speciellen Spursinnes, 
der in der Schleimhaut der Nase (und vielleicht der Stimhole) seinen Sitz 
hat. Letzteren Sinn kann vom Geruchsinn unabhangig sein. Er wird vor- 
zugsweise durch die Qualit&ten der Winde (Richtung, Intensitat, Temperatur, 
. . . ) in Thatigkeit versetzt." (3) The vestibular portion of the ear func- 
tions only as an equilibratory mechanism. 
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EVIDENCE AGAINST CYON'S "SPURSINN THEORIE." 

On June 16, 1910, a test was made at Tortugas of Cyon's hypothesis which 
has just been considered. Three noddy terns were captured on the night of 
June 15. On the morning of June 16 the anterior nares were first sponged out 
with alcohol to remove all secretion, and then filled with warm wax, packed in. 
The whole was then coated with asphaltum. The feet of the birds were tied 
and they were put back in the cages until the asphaltum had had a chance to 
dry. Tlie feet were left tied also during the transit of the birds, since this 
prevented them from scratching at the wax and gave them a chance to become 
habituated to it. Two of the birds, in charge of Mr. Rufus Mills, were sent 
to Key West and the third (the control) was sent to Loggerhead, 3 miles 
away. The Key West birds were released at 2 p. m. The nests were observed 
that night, but apparently they did not return. At daybreak the next day 
the two birds were both found upon their nests. Since the nest mate was just 
leaving one of these birds, I am inclined to think that at least one got back on 
the same afternoon in which it was liberated. The control bird was released 
at Loggerhead at 7 p. m., in plain sight of Bird Key, with head directed 
towards Bird Key. Drs. Mayer and Treadwell were both present. This bird 
flew to the water and bathed, then flew slightly ea^ftward in a straight line to 
Bird Key; it was on the nest when the experimenter reached there, 30 minutes 
later. It was found that the plugs in the anterior nares were present in all 
three birds. The asphaltum was not even scratched and had hardened com- 
pletely. The birds had resumed their nesting activities. This test (so far as 
the terns are concerned) seems to be absolutely conclusive against Cyon's 
hypothesis. 
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REFLEX THEORIES. 

REFLEX THEORIES BASED ON THE FUNCTIONING OF SEMICIRCULAR CANALS. 

Reynaud,* although having at his command the best facilities for mftlfing 
scientific observations, has contributed little on the factual side to the study 
of homing. For some years he had charge of the movable cdtes of the French 
army, and later of the carrier-pigeon post of ''La Compagnie Transatlan- 
tique." His theoretical views have been crystallized into a "loi du contre- 
pied." This law merely states that the pigeon returns by the route over which 
it was carried, retracing, on return, all of the windings of the forward trip. He 
tries to giet some factual support for this law by keeping a record of the finding 
of lost birds. The birds at times disappear and are usually found, according 
to him, at some point on the route over which they have been carried. His 
records, however, are extremely sporadic and are of no scientific value. He 
assiunes, furthermore, that there is proof for his theory in the great migration 
routes of birds and in those of fishes. He maintains that both the forward 
and the return migration routes are the same in every case, and that certain 
species of both birds and fishes have practically been exterminated by sports- 
men because of their adherence to these routes. That such is not often the case 
has been quite clearly shown by Cooke, who proves very plainly that in many 
cases Northern and Southern migrations do not take place along the same route. 
The most notable example of this is to be found in the plover (see p. 29). 

Like a good many others, Reynaud places the mechanism of return in the 
semicircular canals. The stimiili to it, although not clearly defined by him, 
are practically the same as those of Bonnier. The twists and turns which the 
bird receives as it passes over the forward route are stored up in some way so 
that they become effective as stimulators when the bird returns (see Bonnier's 
attitude theory). 

A crucial test of Reynaud's theory could easily have been devised by him 
by taking the bird along an extremely circuitous route and then releasing him, 
e. g., not more than 300 miles from his home. If the bird returned at the end 
of 5 to 6 hours, we may be sure that it returned by the direct route. If, on the 
other hand, several days were consumed, we might have some grounds for 
supposing that the longer route was chosen. He maintains that he has made 
such tests, but no satisfactory publication of them has ever been made. (See 
reference to other articles by Reynaud, in Claparfide's bibliography.) 

Bonnierf advances a theory (no experiments given) which may be classed, 
despite its appeal to memory, as a reflex theory. It was put forth after the 
contrepied theory of Reynaud and does not differ from it except in attempting 
to account for direct returns (that is, for known cases where the bird does not 
retrace the various stages of the forward journey, but on the return takes a 
direct route). According to Bonnier there are two general methods of orien- 
tation. One is able to orient oneself on the moment of arrival or at the instant 
of departure. In order to orient in advance, or at the moment of release, 
landmarks (repires) of one kind or another are necessary. But in many cases 
the conditions are made such that landmarks are not at hand. Hence, 
Bonnier believes that orientation is always obtained by reference to the point 

♦Bird Lore. 2, pp. 101-108; Ond., pp. 141-147. 
tBonnier, P.: L'Orientation, Scientia, No. 9, 1900. 
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o/ departure. The point of departure is a landmark (repdre) forcibly known to 
us, since we go directly from it. By remembering all of our displacements 
since our departure we remain, after a fashion, in continual contact with this 
point. Whenever we are distant from it we strive, without keeping detailed 
accounts of these displacements (even unconsciously), to maintain at every 
moment the notion df its direction with reference to the course of our dis- 
placements. The consciousness of the point of departure is a fundamental base 
and suffices for all our operations. The idea of its orientation, that is to say, 
of its displacement with reference to us, increases in-cleamess just in propor- 
tion as we feel that we are displaced with reference to it. This idea is furnished 
by the operation of the sense of total ^'aptitude" (ajxiitydes Males), the ampullar 
sense of our 3 labyrinthian canals (^' . . . le sens arhpuUaire de n^ trais 
canavx labyrinthiques"). The memory which supplies this notion fixes it and 
preserves it just in the proportion that memory itself develops. This 
memory is but an aptitude, not more astonishing than many others, and it is 
natural that this aptitude should have acquired, by hereditary accumulations, 
an extraordinary power in the species in which the exercise of this instinct is 
a condition of survival and an important factor in evolution. 

We have given above as faithful a presentation as we can gather of Bonnier's 
position. We have attempted where possible to give a free translation of his 
writing. So far as he advances the hypothesis of orientation by appeal to dis- 
placement, we presume Reynaud would agree with him. Bonnier then advances 
the idea that individual birds differ in their capacity to orient, as follows: 

The homing pigeon, transported in a basket, holds fast to the memory of the direction of 
the point of departure (in spite of the various successive passive displacements). Arrived 
at the point of release, he has not for a moment lost the precise notion of the component 
di^lacements or of the total displacement. This notion, condensed by memory, is like the 
thread of Ariane which he attached to his point of departure. If he is not quite sure of 
himself he retraces stage by stage the road which bore him to the distant point--4>ut if he is 
expert in distant orientation, he holds directly to the thread in place of following its twists 
and turns. He relies upon direct orientation, on the notion of the point of departure, an 
idea which he guards in proportion to his displacement, reljring among all these detours only 
upon this ccmstant idea of the sense of return, or orientation from the point of departure 
[i.e., as we imderstand Bonnier, the bird resorts to a kind of triangulation process). It is to 
be presumed that expert birds in distant orientation have a more highly organized hereditary 
memory. 

Bonnier's aptitude or displacement theory, if such we may call it, must be 
looked upon as a suggestion, and one which is extremely vague at that. 

REFLEX THEORIES ASSUMING MAGNETIC SENSIBILITY. 

Viguier,* basing his views upon the ''absurdity" of supposing that a bird 
can fly high enough to perceive its cdte when at long distances at sea, and that 
migrating fish can run their course through vision or smell, maintains that the 
physical force which enables animals to direct their course must be everywhere 
present, ''in the heights of the atmosphere as well as in the depths of the sea." 
This force is terrestrial magnetism. To the objection (already raised by Dar- 
win) that a compass without a chart avails but little, Viguier replies: 

Is this objection insurmountable? I think not. The compass gives to our mariners a 
simple direction. They need to know the angle that this direction makes with their route 

^Viguier, C, Revue Philosophique, 14, p. 11. 
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in order to direct themfielves. It is the chart which seryee this purpose; and if one con- 
ceives of animals endowed with a sense which permits them to recognize only the direction 
of magnetic north, these animals would have a constant notion of north, but would not be 
capable of returning to their point of departure unless they had maintained an exact memory 
of the length of the lines traversed in this or in that direction. The mariner, navigating by 
dead reckoning, has to write down the length as well as the direction of all his rhumb lines. 
Such a view demands at least a constant perception and a prodigious memory and does not 
correspond at all to the simplicity of the notion of which I spoke above. But terrestrial 
magnetism furnishes other indications. If we suppose that an animal is capable of perceiving 
influences which actuate the needle of the compass of inclination, and that the position of this 
animal remains always the same with respect to the vertical of the place, he will be able to 
recognize the differences in intensity which cause the variations in the angle which we measure 
with the aid of this compass, an angle which varies, as we know, from degrees at the 
magnetic pole to 90 degr^ at the magnetic equator. He would be able, then, to recognize 
the direction where this angle varies most quickly (magnetic meridian or isogonic line), 
and where it remains constant (magnetic parallel or isoclinic line). Finally, there are other 
data which we may gather from the use of our instruments, and which one can suppose 
perceptible through an appropriate organ. We have in mind variations in magnetic 
intensity. If one disturbs the position of equilibrium of the needle of the compass of declina- 
tion, the needle comes back, by a series of oscillations, which show a variable force according 
to the place. By joining all the points where this force is equal we can trace on our maps a 
series of lines (isodynamic) which can be confused neither with isogonic nor with isoclinic 
lines (although they show a development somewhat like that of the latter). One can then 
admit that a line can be determined for an animal, endowed with the magnetic sense as 
complete as we are aasuming it to be, by the value of the magnetic actions in inclination and 
declination, just as fairly as it would be determined for us by the intersection of given 
magnetic lines. These magnetic conditions once known, the animal will be capable always 
of going directly to this point. Carry it to considerable distances, cause it to describe com- 
plicated circles, amwthetize it even during transport, it will be able always to come back to 
its point of departure. This sense is supposed to give the animal general direction. It will 
suffice to bring it into a neighborhood where the five senses can be employed. 

He supposes that the magnetic currents act in such a way as to release 
reflexes. The tissue affected is specified as follows: 

Assume, then, that terrestrial magnetism induces true currents in the endolymph of the 
canals, the intensity of which varies with the position of these canals with respect to the 
directions of the needles of inclination and declination, and with the intensity of the magnetic 
phenomena. 

Thauzite,* likewise, as is well known, believes that the magnetic theory is 
the only one which will account for the various facts of homing. In his descrip- 
tion of this theory he makes the following statement: 

The pigeon possesses a sennbUiti magniUque which permits it to receive impressions 
quite special and even somewhat mysterious — terrestrial magnetic currents, lines of force, 
etc. — the influence of which combined with the work of the other senses puts the animal 
on the true route and enables it to maintain it. 

Thauzite favors this theory because it is ''logical" in appearance and 
because it brings into play the "mental activity" of the bird. Thauzite has 
had an immense amount of practical experience.f For 23 years he has made 

*Thausi^, A.: L'Orientation lointaine, vi. Cono- Int. de Pty., 1909, p. 263. 

tHe states that the distance from which a pigeon can return is rarely greater than 500 km. 
As a matter of fact, most of his flights lie well within this distance. He tells us further that, so 
far as he knows, this faculty of orientation is not lost through age. At the age of 20 years a pigeon 
is no longer fit for service. The quickness of flight attains to 110 to 120 km. to the hour, but it 
varies according to the direction which the pigeon has to follow. These statements were made in 
reply to questions asked at the time the paper from which we quote the above was read. 
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observations at his cdte in Perigueux. He gives little material which is 
serviceable in solving the problem of homing. One statement he makes which 
is useful is that the birds rarely fly higher than 300 meters; the average / 
height is 150 meters. If a mountain range causes them to fly high in passing/ 
they immediately fly down again and stay near the surface of the earth. 
The only really positive evidence which Thauzite advances in support of the 
theory comes from the parallel records which he has kept of disturbances in 
flight and of disturbances in terrestrial magnetism. We summarize the facts 
from two cases: 

On August 18, 1907, the Soci^t^ Colombophile, of which I am a member (L'Hirondelle 
de Perigueux), released at Orleans (320 km.) at 6^ 30™ a. m., on a bright calm day with slow 
south wind, 99 young pigeons which, up to that time, had given perfect satisfaction/' "... 
this journey, which we would have thought extremely slow if completed before mid-day, 
was not completed by any bird before 2^ 43". Only 11 subjects came back before night, 
the rest the following noming. It was so abnormal that we made inquiries of others. 
We learned that most of the societies in these regions who had pigeons en route had been 
as surprised as we ourselves were by the tardy home-coming of their birds. The year 
preceding, on July 22, we had been victims of a yet more singular misadventure. Our 
young pigeons released at Angoultoe (65 km.) at 10 o'clock under an admirable sky, limpid 
and without wind, required more than 3 hours to make the journey, which should demand 
scarcely an hour. Many birds were even later than this and many were lost altogether. 
On taking up the matter with the Astronomical Department we foimd that on July 22, 1906, 
and on August 18, 1907, there were severe electri<»l storms. 

Thauzi^'s observations are incomplete because of the fact that there may 
have been many just as violent electrical storms which produced no retarda- 
tion in the flight of the birds. Until the test has been worked both ways, one 
can not draw any conclusions, and even if an electrical disturbance did produce 
a retardation of flight, this would not necessarily imply that the binls were 
using terrestrial magnetism as a means of orientation. There are possibly 
other phenomena connected with electrical disturbances which may have 
produced the effect. The correlation, if it could be made, would be exceedingly 
interesting.* 

EXPERIMENTAL EVIDENCE AGAINST THE REFLEX THEORIES. 

Exnerf has made the most careful experiments to be found in the literature 
on the conditions which affect flight. If his results could be confirmed under 
slightly better conditions they would certainly discredit both Reynaud's theory 
and certain of the theories based on magnetic sensibility. He tried the 
experiment of stimulating the birds with an electrical current during the for- 
ward journey; amesthetizing the bird, rotating it, etc. His experiments were 
carried out near Vienna. Several experiments of the following kind were 
made: birds were carried in a box arranged for the giving of electrical stimu- 
lation; electrodes were placed upon the head in such a way that a current 
could be made to pass through the semicircular canals, etc. 

Quer durch den Kopf geleitet, bewirirt ein galvanlscher Strom bekanntlich bei Mensch 
imd Thier Schwindelgef Uhle, das heisst die Empfindung einer Drehung oder Neigung, deren 

*The U. 8. Weather Bureau at Waahington has offered to codperate with us in attempting such 
correlatioDB. It may be possible to warn an observer in advance of the possible approach of an 
electrical storm (approach of sun-spots, etc.)> It would seem feasible, with such a warning, to 
ship the birds several hundred miles and then release them and note the returns. 

tExner, Sigmund: Negative Versuchsergebnisse Qber das Orientirungsvermdgen der Brief- 
tauben, Stisungsberichte der Kaiaerliohen Akademle der Wissenschaften (Wien), p. 318. 
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Sinn von der Strommesrichtung abh&ngig ist. Es ist das der sogenannte galvanische 
Schvnndel, auf den hier einzugehen nicht der Ort ist. Bei der Taube verr&th er sich duroh 
Neigungen des Koikes, Augenbewegungen u. s. w. Ich suchte also w&hrend der Hinfahrt 
das Thier durch diese Drehempfindungen tlber die thats&chlichen Wendungen und Drehun- 
gen zu t&uschen. Wenn der Vestibularapparat das Thier w&hrend der Hinreise orientirte, 
so mtisste durch das EUnzutreten des galvanischen Schwindels diese Orientirung vemiohtet 
werden, oder doch zu einer Orientirungstauschung fiihren. 

The birds were continuously stimulated all through the forward journey. 
Upon reaching their destination they were freed from the apparatus and 
released. The first release was made 54 km. from Vienna. They were all 
released on April 16, with the following results: (1) the adult control bird 
(armed with the same apparatus during the forward journey, but not elec- 
trically stimulated) was released at 11** 11™, reaching Vienna in the early 
morning of April 18; (2) the young control bird, released at 11** 16", did not 
return; (3) adult bird electrically stimulated, released 11** 18", reached 
Vienna on the same day at 1** 6(^; (4) young bird electrically stimulated, 
released at 11** 32", did not return. 

Many other experiments of this type were made, with essentially the same 
results. As many birds electrically stimulated returned as normals. Exner 
next completely anaesthetized with ether several adult and young birds and 
kept them so during the whole of the forward journey. On reaching their 
destination the birds were restored and allowed a certain length of time for 
recovery, and were then released. In the first experiment they were released 
43 km. from Vienna. The results were: (1) normal animal, released at 6** 
a. m., did not return; (2) ansesthetized animal, released at 6** 20", did not 
return; (3) anaesthetized animal, released at 6** 49", returned at 11**; (4) 
normal animal, released 10** 21", returned at 12**; (5) young normal animal, 
released at 10** 26", did not return; (6) old anaesthetized animal, released at 
10** 30", returned at 12**; (7) young anaesthetized animal, released at 10** 
35", did not return. 

iSrom these experiments of Exner, it is evident that he worked with very 
poor material, that is, with birds which were poor flyers. Nevertheless, it 
seems clear from his experiments that electrical stimulation, anaesthetization, 
etc., during the forward journey have a negative result upon the return of 
the birds. 
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INFORMATION ON HOMING PIGEONS GATHEREX) FROM PRACTICAL 

FLIERS. 

We give below a letter written us by a well-known practical flier in this 
country, Mr. A. E. Wiedering, for many years race secretary of the Milwaukee 
district of National Federated Homing Pigeon Fanciers. Mr. Wiedering's 
letter, while in part touching upon theoretical questions, contains also 
a large amount of material dealing with the training of the birds. 

I was race secretary for several years and took a keen interest in the sport. In the spring 
of the year we would begin to train the birds over short distances, beginning with 3 or 4 
miles, and then 9, 18, 33, 45, 66, and from then on 100, 200, 300, 400, 500, 600, 700, 800, and 
1,000 miles. Speaking about training the birds over short distances, we come to a point 
that has always been under considerable argument with the fanciers. Some claimed eiiort- 
distance training of great value and others considered it as a waste of time and labor and 
as entirely unnecessary. I agreed to a certain extent with the latter, as I was of a firm 
opinion that little is gained by flying the birds over short distances, that their homing 
instinct, since it is so called, is not developed or improved by it. The only advantage in 
short distance fl3ring that I could see was that the birds got good opportunities to get used 
to the shipping baskets and as they felt more at home in them would more readily begin to 
feed and drink in them, and in that way remain in better condition for their home flights. 

After several years of participation in the fancy, I advanced the argument that it was a 
harder task for a bird to get its bearings towards home from a short distance than from a 
greater distance. Careful observations of the birds' activities brought me to this belief. 

The birds, I believe, home to the locality that they have been used to and not exactly to 
their loft. I mean that this drawing towards their home location ceases when they get 
within this locality, and that after that they find their loft through memory of sight by 
familiar landmarks, etc. I imagine a circle around their home of an imaginary distance of 
say 5 or 6 miles, and that their homing instinct is not brought into action until they are 
beyond this locaUty circle, and if liberated within this circle ihsy have to depend upon their 
sight memory in order to find their home. I have liberated birds that have had years of 
experience within 3 and 4 miles of their loft and have seen these birds fly around and 
around for hours completely at a loss, it seemed, as to their location, and have seen them 
fly in the opposite direction of their home. Some of these birds had the best of reasons 
for returning home immediately, such as a hen hatching her egg, or a cock desiring the 
hen, in which cases they are more eager than usual to return home. 

Then again I have been informed by liberators at long distances that the birds had taken 
the right direction after making a few circles; the best start was made from 1,000 miles, 
our greatest distance flown, the birds taking the right direction without circling, but starting 
for home at once. From distances of 100 miles and less the same birds had circled for over 
30 minutes and did so repeatedly. From such facts I came to the conclusion that it is 
easier for a bird to get his bearings from a long distance tlian from a short one; that this 
unknown feeling or instinct, or sixth sense, was more intense at a greater distance; and if 
the bird was liberated in its own locality it did not seem to be in force. 

Little, if anything, can be learned of this homing sense by flying these birds; you ship 
them to a liberator; he liberates them, giving you conditions at the start; you see the birds 
returning home and know what your local conditions are, but do not know what kind of 
storms or air-currents the birds have to pass through, and you may have very good results 
from a flight on one day and from the same distance on another day may have very poor 
results, although the weather conditions at start and finish may be the same. 

I used to stamp my address on flight feathers of the birds and used to hear from them, 
through parties who would catch them in their own lofts or pick them up dead. In most 
cases the birds would be found dead without any apparent cause. I believe that they would 
die from exhaustion. 

The speed of a homing pigeon with hardly any winds would average about 1,400 yards per 
minute for about 100 miles. We have had the birds make it in an average of over 1,900 
yards per minute with a strong favorable wind, and 600 yards with contrary winds. 

With very favorable weather conditions we have had birds arrive home at 3 p. m. when 
liberated at 4^ 30^ a. m. from 500 miles, in apparently fresh condition. It may seem strange. 
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if a bird can make 500 miles in one day why it should not make 1,000 miles in much less 
than 9 days, but it is supposed that the bird, after his best effort the first day, is exhausted 
and would look for food, and on account of poor condition, it takes several dajrs before he can 
resume his journey. I had a bird return home after an absence of 5 years. One year I lost 
a bird from Walnut Ridge, Arkansas, 500 miles. The next year he happened to come home 
the very day we were again shipping birds to the same point. I was not very pleased 
with his performance the year previous and his absence for one year, and therefore ^pped 
him again, feeling that he would surely not be able to return after his long absence and being 
in very poor condition. You can imagine my surprise when this same fellow was the first 
bird to reach home, making the distance within 12 hours. 

HohOf the bird that made the world's record from 1,000 miles, came to me when a young 
bird, quite sick; where he came from I did not know — he just walked into my loft, and being 
a good-looking bird I allowed him to remain and nursed him to health. He proved to be the 
most consistent performer I ever owned. 

We give below a description of the training of the bird HobOj together 
with a statement of the flight from Houston to Milwaukee. This note is of 
interest in view of the fact that it shows the training stages which are usually 
given a bird before long flights are expected of it: 

A week ago last Wednesday [July 24, 1901] a number of birds owned by members of the 
Milwaukee district of National Federated Homing Pigeon Fanciers, were Uberated at 
Houston, Texas, an air-line distance of 1,000 miles. Up to to-day two birds have arrived, 
the first to come home being the bird Hobo, owned by A. E. Wiedering, which arrived Satur- 
day, and the second being from the loft of C. G. Loeber, LUUe Hen, which arrived yesterday, 
making the trip in 14 days 1 hour and 19 minutes. They are the first two Milwaukee birds 
ever to cover the distance, and the winner, Hcbo, did it within but a few hours of the world's 
recoid. Several of the descendants of Ucbo are flying in the service of The Journal. Hobo 
is a strongly built blue-checked cock and is now in his prime, being only 4 years old. He 
will not be flown again, as his owner thinks that he has done his duty. He has always been 
a reliable homer, but has hardly ever shown any speed in distances less than 600 miles. In 
1899 he flew one race from Shabbona, UL, at a rate of 50 miles an hour. In 1900 he won 
fourth place in a race from Little Rock, Ark., air line, 617 miles; 33 birds competing. He 
arrived at 5^ 30™ a. m. on the third day after liberation. This year he won second place 
from the same distance, also making it on the third day; 47 birds competing, but only two 
making it in the time limit for that distance, which is 3 days. After a week's rest he was 
shipped with 25 others to Houston, Texas, air-line distance, 1,000 miles. After being in 
the shipping basket 17 days, the 26 birds were Uberated on July 24 at noon, all the birds 
taking their course immediately. Hobo arrived August 3, at 8^ 15°* a. m., taking 9 days 20 
hours and 15 minutes to cover the distance. 

Follovring is his complete record: 



1898. 
9 miles. 
ISmilei. 
33 miles. 
45 miles. 
66 miles. 

100 miles, Shabbona. III., to Milwaukee. 
200 miles, Delavan, 111., to Milwaukee. 
400 miles, Ironton, Mo., to Milwaukee. 

1899. 

33 miles. 

66 miles. 

100 miles. Shabboth. lU.. to Milwaukoe. 
200 miles, Delavan, HI., to Milwaukee. 
300 miles, Brighton, 111., to Milwaukee. 
400 miles, Ironton, Mo., to Milwaukee. 



1900. 

33 miles. 

45 miles. 

66 miles. 
100 miles. 
200 miles. 
400 miles. 
617 miles. Little Rook, Ark., to Milwaukee. 

18 miles. 1901. 

45 miles. 
100 miles. 
200 miles. 
300 miles. 
400 miles. 
617 miles. 
1,000 miles, Houston, Texas, to Milwaukee. 



LiUU Hen is 5 years old and has been in races for the last 4 years, and, although she has 
never made any phenomenal time, she has always been a reliable homer. This year she 
homed from a 500-mile station twice, and the amount of experience she has had on the road 
evidently stood her in good stead in this race, as the passage through the drought-stricken 
country was a severe one. 
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Since 1901 Hobo's record has been beaten many times. Many of the birds 
holding or having held world's records have belonged to lofts in Fort Wayne, 
Indiana. The fanciers in this city have succeeded in breeding a strain which 
is mirivaled in the history of homing. It would be interesting to determine 
whether the location with respect to winds, etc., has anything to do with the 
records these birds have made. The difference of course may lie wholly in 
the strain of bird which has been obtained. We give below the letter of 
Mr. O. W. Anderson, of that city. It concerns the record of the present 
world's champion. Bullet D-ISTB. 

This bird was hatched March 20, 1909, and when about 4} months old began training, 
flying the training stations of 2, 5, 8, 15, 25, 40, and 75 miles and the young bird races 
of 100 and 200 miles; this bird bdng my first one in the 200-mile race. In 1910, as a yearling, 
■he flew the training stations from 2 to 75 miles and on four successive Sundays flew the 
200, 300, 400, and 500 mile races, arriving from the 500-mile race on second morning and 
the first three races the same day, being my first bird in all these races. 

In 1911 she flew training stations mentioned before; the 200, 300, and 500 mile races, 
arriving the same day in 200-mile race and the second day in 300 and 500 mile races, the 
weather conditions being unfavorable in these last two races. 

In 1912 she flew the training stations and 200, 300, and 500 mile races, arriving the same 
day from 200 and 300 mile races and fourth day from 500-mile race, but weather was ex- 
tremely bad for this last race. 

In 1913 she flew the training stations and was first bird to my loft from 200-mile race, 
arriving on third day at 6 a. m., the weather conditions being very unfavorable on account 
of a very severe hail storm. She was also my first bird from 500-mile race, being liberated 
at 4^ 30™ a. m. at Springfield, Missouri, and homed at 3^ 20™ p. m. same day. Three weeks 
later sent her to Abilene, Texas, 1,010 miles (air-line measure) from here, birds being liber- 
ated at 4^ 30™ a. m. on July 11, 1913, and this one homed at 4 p. m. on July 12; fljring time, 
1 day 11 hours 30 minutes and 6 seconds. Needless to say, the weather conditions were 
ideal, a strong vrind assisting the bird materially. In this same race a bird belonging to 
Dr. John Schilling of this city homed at 11^ 30™ a. m. the following morning (July 13) and 
a third bird was received by Mr. F. Nahrwald of this city a half hour later. The birds in 
this race were liberated by express agent at Abilene, Texas, as per telegram sent Racing Club 
here on same date, and lihgting report bearing names of witnesses on file at office of 
dub here. 

All the above races were in the Old Fort Homing Club of this city and were flown under 
rules of American Racing Pigeon Union. The best previous record for 1,000 miles was made 
by a pigeon belonging to Mr. H. Beech of this city in 1912, the time being 2 days 9 hours 
and some odd minutes, and this record lowered the time made by a bird belonging to Mr. L. 
Gebfert, of this city, in 1910, this time being 3 days 11 hours and some odd minutes. 

Have not entered my pigeon in any subsequent race, but am saving it for its record's 
sake, as there is of course a certain risk of loss of birds in any race. 

From these startlmg records it must not be supposed that very many birds, 
flying from an average loft, return from 1,0(X) miles unless they have been 
previously trained over intermediate distances very completely. A few years 
ago over 100 homers belonging in Baltimore were released at Key West, 
Florida. Not one ever returned. All had been trained at least 500 to 700 
miles from Baltimore in the direction of Key West. 

THE RECORD OF A TYPICAL FLIGHT. 

Thau2i&3* gives the record in detail of homing pigeons released by him at 
Geneva when the Sixth International Congress for Psychology was in session. 
The birds belonged to three cities, Versailles, Gu^ret, and Gannat; none of 

*Thauiite, A.: Ezp^enoe d'orientation lointaine, Archives de psychologie, ix, 1910, p. 66. 
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them had flown from Geneva previously. The Versailles birds had been 
trained toward Brest, the Gu^ret birds towards Amsterdam. Four of the 
birds from Gannat had already been trained from Macon to Gannat. He 
says nothing of the training of the other four Gannat birds. 

VeraaUUa birds: 24 birds were released in Geneva at 7*^ 10°^ August 6; 2 returned the same 

day at approximately 5*^ 45» p. m.; 9 returned August 7 at different hours; by 

August 10 all had returned. 
GtUret birds: 34 birds were released in Geneva at 7^ 15*° on the morning of August 6; 2 

returned the same day a little after noon. The rest returned on the following 

morning. 
Gannat birds: 8 pigeons were released in Geneva at 7^ 20™ a. m., August 6. None returned 

the first day; 3 returned on the morning of August 7; 1 on the 8th; 1 on the 9th; 

1 on the 11th, and 1 on the 12th. On August 17, 1 bird was still out. 

We give this record of pigeons in full because it brings out one point very 
clearly, viz., that even in short flights all of the birds do not return promptly. 
Those we read of in the homing-pigeon records are usually of the first bird in the 
loft to return and it is rare that all of the birds from any given loft return on 
the first day, even when the distances are short. The above distances were 
all very much less than the longer flights made from Bird Key. The distance 
from Geneva to Versailles is 280 miles, to Gu^ret 220 miles, and to Gannat 150 
miles. 

DATA ON THE SPEED OF THE HOMING PIGEON. 

The following record was furnished us by Mr. Wiedering. It relates to 
average speed in a 200-mile contest. 

161 birds were shipped on Saturday to Delavan, 111., being a little over 200 miles on 
an air-line. The birds were liberated on Sunday at 7^ 10°* a. m. by W. M. Comett, agent 
of the Chicago A Alton Railroad Company, who reported weather fair and vnnd from the 
southeast. At home the weather was very cloudy and the wind from the south, changing 
to east about an hour before the arrival of the first bird. According to reports locid showers 
prevailed along the greater portion of the course and the speed made is very satisfactory, 
under the conditions. The first bird timed at the several lofts and the speed per minute 
attained by each is as follows: 



Alex. E. Wiederinc. 1,135.30 yarda. 
H. J. Baumgaertner, 1,134.61 varda 
Auic. Bergenthal. 1.134.59 yards. 
John Radke, 1.127.99 yards. 



WUUam R. Knell. 1.115.71 yards. 
Edw. J. Phipps. 1.081.48 yards. 
Val. Burkard. ar., 1 .067.99 vards. 
Peter J. Ries, l.Oa't.19 yards. 



When the distance is shorter the average speed, with other conditions equal, 
usually rises. From the same source we have obtained a record for a 100- 
mile flight: 

The Milwaukee district of the National Federation of American Homing Pigeon Fanciers 
conducted its lOO-mile race from Shabbona, 111., on Tuesday, May 31. 161 birds were 
shipped by Adams Express on Saturday of last week. The weather being unfavorable on 
Sunday and also on Monday, liberation did not take place until the date above mentioned. 

A. J. Harton, agent of the Chicago, Burlington ft Quincy Railway, acted as liberator, 
and reported that the birds were liberated at 6^ 30™ a. m., with clear weather and southeast 
wind. At home the weather was also clear, with vnnd changing from southeast to southwest. 

A bird from the loft of H. J. Baumgaertner was the winner of the race, and covered the 
distance of 101.27 miles in 2 hours and 43 seconds, being at the rate of 50.30 miles an hour. 

The first bird timed at each of the respective lofts, with the average speed per minute, 
is as follows: 



H. J. Baumgaertner, 1,475.60 yards. 
WiUiam RTKiieU. 1.471.29 yards 
A. E Wiedering. 1.452.89 yards. 
Aug. Bergenthal 1,411.29 yards. 



Edw. J. Phipps, 1.395.07 yards 

P. J. Ries, 1.373.09 yards. 

Val. Burkard, sr., 1349.08 yards. 
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The above agrees closely with Ziegler's* account of the flights of German 
birds. According to this author the direction and velocity of the wind greatly 
influence the flight of the birds. In flights from great distances (100 to 600 
km.) the average speed of the best birds with no wind is 1,100 to 1,150 meters 
per minute. In a favorable wind the speed rises to 1,300 to 1,600 meters, and 
occasionally to 1,600 to 1,950 meters. In imfavorable winds the speed of the 
best birds varies from 500 to 800 meters, according to the strength of the wind. 
The pigeons never fly to great heights — ^never over 1,000 to 2,000 meters and 
usually much lower. 

THE PROBLEM OF HOMING IN BIRD MICaUTION. 

In this paper, as has been stated, we shall not discuss the general features 
of bird migration. Nevertheless, two or three migrations deserve mention in 
this connection because it is clear that the problems involved in them are the 
same as those involved in the general study of homing. Ck)oke, f after showing 
that many of the birds fly by night as well as by day, takes up some of the 
longer routes of the birds. The longest continuous flight in the world is ^ 
possibly 2,400 miles. The golden plover nests along the Arctic coast of North 
America and when the young have become independent the fall migration 
begins. The birds fly to the Labrador coast and remain there for several 
weeks, where food is abundant. After leaving Nova Scotia the birds fly due 
south to the coast of South America. The golden plover takes a straight 
course across the ocean and, if the weather is propitious, makes the whole 
2,400 miles without pause or rest. But if tempests arise, it may be blown out 
of its course to the New England coast and start anew on the advent of fair 
weather; or it may rest for a few days at the Bermudas, one-third of the way 
along its course, or at the nearest of the Lesser Antilles, still 600 miles from the 
mainland of South America. These, however, are emergency stop-overs, to be 
resorted to only in case of storms. Having accomplished its ocean voyage, it 
passes across eastern South America to its winter home in Argentina. After 
dwelling 6 months in Argentina it finds its way back to the Arctic regions by 
an entirely different route. It travels across northwestern South America 
and the Gulf of Mexico, reaching the United States along the coast of Louisiana 
and Texas; thence it travels slowly up the Mississippi Valley and by early 
June is again at the nesting site on the Arctic coast. ^ 

This same bird dwells also in the Hawaiian Islands and travels from that 
point to Alaska, spending the winter in Hawaii and nesting in the spring in 
Alaska. The Hawaiian Islands are 2,000 miles from the California coast on 
the east, 2,400 from Alaska on the north, and 3,700 miles from Japan to the 
west. This is a very wonderful route, since between Hawaii and Alaska 
there are no landmarks. 

Surprising as are these results from the golden plover, they are surpassed 
by the exploits of the Arctic tem.t This bird dwells alternately in the Arctic 

^ZoolosiBche JahrbQcher, 1897, x. p. 238. 

tA summary of his work appears in the National Geographic Magasine, 1911, p. 346. 

tAooording to Cooke, the Arctio tern arrives in the Arctic regions about June 16, and leaves 
August 25, spending thus 14 weeks at the nesting site. **They probably spend a few weeks 
longer in the winter than in the summer home; and if so, this leaves them scarcely over 20 weeks 
for the round trip of 22,000 miles. Not less than 160 miles in a straight line must be their daily 
task, and this is undoubtedly multiplied several times by their ligsag twistings and turnings in 
pursuit of food." 
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and then in the Antarctic region. Their track over the 1 1 ,000 miles separating 
these regions is known to no one. Scattered individuals have been noticed 
along the United States coast south to Long Island, but naturalists have never 
observed these birds during migration, nor can they construct accurately the 
routes of the birds from the records in hand. This means that the birds prob- 
ably choose an ocean route and that their flight is almost continuous. 

Several interesting points bearing upon the problem of homing come out 
from these studies of Ck)oke and others: first, that the plover and the Arctic 
tern have no hesitancy in undertaking ocean routes several thousand miles in 
length which can offer few if any landmarks in the ordinary acceptation of that 
term; secondly, that the birds must fly by night, which again lessens the proba- 
bility that landmarks of a visual kind are used. 

HOMING IN THE FRIGATE BIRD. 

In regard to the homing ability of the frigate bird, the following interesting 
observation is cited from the Zoological Society Btdletin No. 29, p. 421. The 
article is unsigned, but was written (so Dr. Chapman informs me) by Dr. 
Charles H. Townsend. 

In the course of a vnnter's voyage on the AUxUrou, in the South Seas, the writer found, 
anM>iig the natives of the Low .Archipelago, many tame frigate birds. The latter were 
obaenred <m horizontal perches near the houses and were supposed to be merely the pets of 
the children who fed them. They were entirely tame, having been reared in captivity from 
the nest. As our acquaintance wHh the people developed, we discovered that the birds were 
used by them after the manner of homing "pigeons," to carry messages among the islands. 

The numerous islands of the Low Archipelago extend for more than 1,000 miles in a north- 
west and southeast direction, and it appears that the birds return promptly when liberated 
from quite distant islands. They are distributed by being put aboard smaU vessels trading 
among the islands. The birds are liberated whenever there is news to be carried, returning 
to their perches sometimes in an hour or less, from islands just below the horiion and out 
of sight of the home base. Generally they are in no great hurry. As the food of the 
frigate bird may be picked up almost anywhere at sea, there is no means of ascertaining 
how much time the bird loses in feeding or trying to feed en route. It may also linger to 
enjoy its liberty with other frigate birds. 

I did not observe tame frigate birds elsewhere in Polynesia, but Mr. Louis Becke, who is 
familiar with most of the South Sea Islands, says they were used as letter carriers on the 
Samoan Islands, when there in 1882, carrying messages between islands 60 to 80 miles 
apart. When he lived on Nanomaga, one of these islands, he exchanged two tame frigate 
birds with a trader living on Nuitao, 60 miles distant, for a tame pair reared on that island. 
The four birds at liberty frequently passed from one island to the other, on their own 
account, all going together on visits to each other's homes, where they were fed by the 
natives on their old perches. Mr. Becke's pair usually returned to him within 24 to 36 
hours. He tested the speed of the ''frigate " by sending one of his birds by vessel to Nuitao, 
where it was liberated with a message at 4^ 30™ p. m. Before 6 o'clock of the same day the 
bird was back on its own perch at Nanomaga, accompanied by two of the Nuitao birds, 
iriiioh, not being at their perch on that island when it was liberated, it had evidently picked 
up en rauU, 

Sixty miles in 1 } hours is probably easy enough for the frigate bird, as in Malayo-Polynesia 
it is sidd to have frequently returned a distance of 60 miles in one hour. It becomes entirely 
tame and familiar when raised from the nest, and if given liberty returns regularly to its 
home-perch at night. The largest rookery of frigate birds I have seen is at Tokokoto, in 
the Low Archipelago. 

Frigate birds inhabit the tropical and subtropical seas. The spread of wing is phenomenal 
for the sise of the bird, being about 8 feet, giving wing-power perhaps unequaled. 

On page 48 om* own experiments on homing in the frigate bird will be 
considered. 
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HOMING IN OTHER VERTEBRATES. 

Of homing in mammalR little is known. We have a series of anecdotes in 
the literature containing probably somewhat more than a grain of truth.* 
We give below some of the material that has been sent to us personally from 
''animal lovers" over the country. We give these records for what they are 
worth. 

The following incidents have been related concerning mammals: 

(1) In May I sent my coach-dog (3 years of age) to Northampton, Massachusetts, 50 
miles away. He went by carriage with my wife to Brattleboro, Vermont, 12 miles distant, 
and from there they took the train at 8^ 30™ p. m., in a hard rain. A dosed carnage took 
them from the station in Northampton, where they arrived at 11 p. m. Satmday. On 
M<mday at about 3 p. m. the dog disappeared and on Thursday about 3 p. m. he walked 
into our house, having been on the road 3 days. The last 12 miles he has covered a good 
many times, as he alwajrs goes when I drive. He evidently covered more than 50 miles, for 
he was seen on Tuesday near Amherst, which is not on the direct route. 

(2) [A correspondent] raised a dog, crossed with hound and pointer, and littered in 
Lawrence. When a year old he took the young dog to Boston, got on board of a sailing- 
vessel, went by sea and river to Bangor, Maine, drove 40 miles into the woods at Cleveland's 
Camp, and hunted there two weeks, the dog proving to be a great success for quick, fast runs 
and returns to camp. After the hunting was over, and while on his back trip to Bangor, 
the dog jumped from the wagon into the bushes, having heard or smelled a deer, and went 
off on a hot chase. The boats ran only once in two weeks, so that, much as he valued the 
dog, it was necessary to go on. He took the boat at Bangor, returned by river and sea to 
Boston and back to Lawrence. About 2 wedcs afterward the dog crawled into his yard, 
footsore and half starved, but safe at home and glad to get back. 

(3) Some 16 or 18 years ago a young man brought to this place from his, and their, former 
home in Indiana two dogs of the greyhound type. Not long after they arrived here they 
disappeared, and in 6 wedcs or so one of them arrived at his former home in Indiana, and a 
couple of wedoB later the other one got back there. The distance is over 700 miles. 

(4) I spent my vacation the past summer at my mother's, 3 miles from Siler City, North 
Carolina. My brother, who lived at Siler City, had a 3-months-old calf which he wanted to 
pasture at my mother's farm. Accordingly ihe calf was brought along the road from the 
town. The next day the animal got out of the open gate and returned home. I followed 
its trail — ^it had recently rained. The calf first Uxk almost a bee-line for its home; crossed 
a small ditch, then came a large ditch, which it wandered down some distance, but returned 
and crossed near its direct line. This was at a distance of a quarter of a mile from the road by 
which it had been delivered, and all the space is covered by thick forest. When the cok 
struck the main road it proceeded along this to its home. This animal never had been 
out of its lot until it was brought to my mother's, and yet its sense of direction was so accu- 
rate that it took a straight line for home until it reaiched the road by which it had been 
brought. Then it depended upon its memory of the road, although it might have followed 
a path in a much more direct line. 

One of my mother's neighbors, shortly after the war, moved into the State of Tennessee, 
500 miles away. A dog was taken along. One day the animal was missing, and, a few 
weeks after, it turned up at its old home. 

(5) I have a collie a little more than 2 years old. We took him with us to our camp 
at Point au Baril, Canada. The dog had Uved in Avondale, a city suburb, all his life, 
and knew absolutely nothing of anything more than the ordinary suburban streets and the 
neighboring coimtry fields. Our camp is on an idand in the midst of a great archipelago. 
Every summer the people who have gone with us to the camp lose their way because the 
islands so closely resemble one another and are so bewildering. The dog made himself 
perfectly at home on our island, and although he had never swum before, he now learned 

*ObeervationB on the homing of animalw nmilar to those above may be found in the Revue 
Sdentifique, 1897, made by Dusolier, p. 759, and by Artault, p. 793. Scattered through the 
Revue Sdentifique one finds a large number of such anecdotes. 
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and soon dcYeloped a pasBion for riding in canoes, rowfooats, and the steam-launch. How- 
ever, he never was taken outside of the island and had possibly been 500 yards away, but 
not farther. 

One day we took him on an excursion in a launch, some 6 miles from the camp. He was 
not able to see the island as we passed, because he was down in the bottom of the boat. 
On the return trip we got out at a little store about 2} miles from the camp by a direct 
water route. Some of our boys were in a canoe at the dock, and the dog jumped into the 
water and tried to follow them. They did not see him, nor did we know of this until later. 
It was dusk, and after searching for him in vain we returned to the camp. He is a valuable 
dog, much beloved by all of us, and after dinner that evening we started out in canoes, went 
bade to the store, and searched everywhere for him. We had heard that a dog (it must have 
been ours) had been seen swimming to the rock on which was a range light, some three- 
quarters of a mile from the point, but no trace was found of him there. At 11 o'clock that 
night the dog reappeared at the store, put his nose in at the door, and when they tried to 
call him he seemed frightened and disappeared in the darkness. There is a way by land 
from the store to our camp — 6 miles oi unbroken primeval country, burned-over forest 
with tangled swamps every quarter of a mile. It is an ahnost impassable territory where 
even the Indians get lost. 

The next morning, while we were preparing breakfast, the dog appeared swimming down 
the channel. Our Indians insisted that he had spent the night swimming from island to 
island, and that when daylight came he smelled our camp — ^the smoke of the kitchen fire 
and the odor of the breakfast being prepared. At all events he made his way home, and if 
he swam directly from the Point it was 2} miles by water, but if he swam from island to 
island it must have been a much greater distance. The channel is not direct and open, but 
winds in and out, and he had no knowledge of the way, so that I do not believe it is possible 
that he could have been guided by any landmarks. 

We have taken pains to write to the contributors of each of these stories and 
to obtain what supplementary data we could. The incidents seem actually 
to have happened, but none of the contributors could state with accuracy facts 
enough to enable us to use the material in a scientific way. 

Last sunmier a similar incident, with not so favorable an outcome, happened to one of 
the writers at his summer cottage on Stony Lake, Ontario, Canada. An IS-months-old 
pure-bred cocker spaniel went from the cottage to the store a mile away in the canoe with a 
member of the household. The store is situated on a large island containing several 
hundred acres. In the hurry of leaving the store the dog was left behind. After luncheon 
we set out to find him, first going to the store. The dog had disappeared. We then began 
to paddle around the island, calling the dog at every moment. We had just about given 
up hopes of finding him when we happened to glance at one of the small islands to the 
southwest of the island on which the store is situated, and in a direction almost opposite 
from that in which our cottage lay. There we saw the dog standing forlornly on the shore. 
A new house was under construction on this island and the carpenter told us that a short 
time before the dog had left the main island and had swum to his place. The distance 
from the store to the point where we found him was probably a mile and a quarter. It is 
interesting to note that our own cottage was under course of construction, and the fact that 
the dog finally landed at a place where hammering was going on might indicate that it was 
the sound of the hammering which made him take the direction which he did take. He 
probably wandered all over the large island and at some time in the course of his wandering 
the sound oi hammering may have become audible. 

Both Hodge and Fabre'^ give data bearing upon orientation in cats. The 
following account is smnmarized from Hodge.f 

A Maltese tom cat was taken out in a row boat on one of the large Wisconsin lakes on a 
sultry, extremely dark night. The boat was rowed due north straight out towards the mid- 
dle <k the lake, which is 2 miles in width. At first the cat was quiet and then he began to 
get restless and extremely anxious to get home. He would climb to the end of the boat, 

*8ouv. ent., n, p. 124. tPopuIar Science Monthlyi 44, p. 758. 
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stretch his head towards home, and mew continuously. The boat was turned round and round 
to try to throw Tom off his bearings, but to no effect. Whether right side or left, bow or 
stem, Tom was olw&ys on the part of the boat nearest home and straining as far as he could 
in that direction. Fully a mile from any shore how could he tell which shore was which? 
But few lights were visible and the lake is thickly wooded, and the cottages stand well back 
among the trees. No member of the party, except the experimenter, who used the north 
star for guidance, maintained orientation. Tom was wrapped up and held flat in the bot- 
tom of the boat, and then released. This likewise made no difference. He would go 
immediately to the part of the boat nearest home. Members of the party were blindfolded 
and required to guess whether the boat was turned or allowed to stand, or whether rowed 
in a straight line or a circle, and it was an even chance whether they guessed right ot wrong. 
No air was stirring and no odors were detectable to the human being. 

Hodge leaves the explanation in doubt, but is inclined to attribute Tom's 
orientation to hearing. In support of this suggestion he cites an incident 
connected with deer-hunting in Montana: 

While lying on the top of a hill he watched a doe as she kept guard over her two fawns. 
They were ft^ a half mUe from where the observer lay. He focused his field-glasses on the 
group and became much interested in the alertness of the doe. "At a slight noise, occasioned 
by my change of position [he was oi course out of sight of the deer], a noise not even noticed 
by myself, I was surprised to see the doe start, turn around, and point her ears in my direo- 
ticm. After a few minutes silence her attention was directed elsewhere, and this time I 
made the least "ahem"; again both ears and head were directed towards me, and so in turn 
for an hour I tried all manner of slight sounds — ^low whistles, snapping my fingers, tapping 
my rifle stodc, scraping the ground with my foot; all were followed with the precision c2 
response of the strychnised frog with the attent turning of the ears in my direction. 

If the movements of the deer were really made in response to auditory 
stimuli, we would have to believe that the deer has an almost unlimited audi- 
tory acuity. It does not seem to be quite excluded, however, that the deer 
might have been reacting to visual stimuli, possibly through shadows, or 
occasioned directly by the movements of the observer. Dr. Hodge, however, 
does not profess to maintain that his experiment was a crucial one. 

Victor Franz* maintains that fish have an extraordinarily well-developed 
sensitivity for detecting differences in hydrographic conditions. Currents are 
detected in the water by means of the lateral-line organs, temperature through 
warm and cold corpuscles in the skin (or through homologs), salinity through 
the sense of taste, depth through pressure. But Franz's paper is a risumi of 
convictions rather than a report of experiments. He argues that the spawning 
migration is not actuated by sexual instincts, but that it is an adaptive change 
which has as its end result the obtaining of optimal developmental conditions 
for the young. It is conditioned solely upon hydrographic phenomena. 

From the above siurvey of the literature it would seem impossible to get 
any ^cact delimitations of the problems involved in homing. The work on 
the homing pigeon has been carried out in too desultory a fashion and too much 
under the influence of particular theories to a£ford satisfactory material for 
hypothesis. Crucial experiments designed to bring out the facts as to what the 
untrained homing pigeon can do are lacking. Until such have been made 
speculation on the mechanism of return is useless. In so far as any conclusions 
at all may be drawn from the experimental work on the homing pigeon, we 

*Die Laichwaadening der Fiaohe, Archiv fOr Raasen und GeseUschaftsbiologie, 7, 1910, pp. 
169-168. 
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may say with Exner that nothmg which is done in the way of controlling the 
behavior of a bird (or its temporary physiological condition) on the forward 
journey affects its ability to return to its c6te. 

Our own work in Tortugas has been confined largely to defining the problem 
of homing. We have had there an unrivaled opportunity to test the ability 
of untrained birds to home in a territory through which they have never passed, 
and over open-water stretches many hundreds of miles in length which appar- 
ently can offer no "landmarks." A brief account of the instinctive life of the 
noddy and sooty tern precedes the description of our own experimental work 
upon homing. 




FiQ. 1. — Geographical situation of Tortugas. Note the absence of land between 

Tortugas and Galveston 
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HISTORY OF THE TORTUGAS NODDY AND SOOTY TERN CX)LONIES. 

The noddy tern (Arums dolidua) and the sooty tern {Sterna fidiginosa) are 
well known in tropical and juxtatropical waters. The colony which is to be 
found in the Tortugas from May to September was described by Audubon 
in 1837. He states that at the b^pinning of May the noddies collect from 
all parts of the Gulf of Mexico for the purpose of returning to one of their 
breeding places on one of the Tortugas called "Noddy Key." They nearly 
equal in number the sooty terns, which aiso breed on an island a few miles dis- 
tant. He later describes the sooty tern as nesting on Bird Key. In regard to 
the niunber of sooties he says: 

Ab the chain grated the ear I saw a doud-hke mass arise from Bird K^, from which we 
were ooly a few hundred yards distant, and in a few minutes the 3rawl was carrying myself 
and my assistant ashore. On landing I felt as if the birds would raise me from the ground, 
so thidc were th^ all around and so quick the motion of their wings. Their cries were 
indeed deafening, and yet not more than half of them took to their wings on our arrival, 
those which arose being chiefly male birds, as we afterwards ascertained. We ran across 
the naked beach and as we entered the thick cover before us and spread in different direc- 
tions we mi^t at every turn have caught a sitting bird or one scrambling through the bushes 
to escape ua. 

Since Audubon's time the islands have changed considerably in form. 
Only noddy and sooty terns (with a few least terns, which breed upon Logger- 
head) breed in the Tortugas, and these appear only upon Bird Key. Further- 
more, in 1907, there were 13 times as many sooties as noddies. This island is 
now somewhat triangular in shape and has an area of about 6,000 square 
yards (see plate 1; also fig. 2, p. 62). It is covered with bay-cedar bushes, 
cactus, and various low-growing vines (plate 2). It stands about 6 feet 
above mean tide level. Plate 1 gives the general appearance of the islimd 
at low tide. The small buildings were formerly used in the hospital service 
of Fort Jefferson. They are now used by the warden. Northeast of Bird 
Key, about 1^ statute miles distant, stands the now deserted Fort Jefferson 
(Garden Key). In this fort is to be found a reef light about 60 feet in height. 
To the west of Bird Key lies Loggerhead Key, about 3 statute miles distant. 
This is the largest island in the group. Upon it is to be found a first-class 
light-house, with revolving light 151 feet in height. Certain other small 
islands imd reefs are to be found near Bird Key. The deep waters of the 
Gulf of Mexico surround the group as a whole. Eastward of Bird Key, about 
66.8 statute miles distant, lies Key West. Between Bird Key and the environs 
of Key West are found in order Rebecca Shoals lighthouse and the small 
islands, Marquesas and Boca Grande. On the westward side one finds only the 
waters of the Gulf until the shore-line of Texas is reached, Galveston being 855 
statute miles distant. This strip of open water proves a magnificent route 
for homing e}q)eriment8. Figure 1 shows the topogn^[>hical relations in the 
Gulf region. 

R^SUM^ OF INSTINCTIVE LIFE OF COLONIES. 

In our previous paper (Watson, J. B., optts cit.) we gave a detailed account 
of the nesting behavior of the noddy aiul sooty. In this connection, we wish 
simply to supply a summary of certain of our observations bearing upon the 
instincts and habits which are connected directly with homing or with the 
control of experiments upon homing. A large amount of new material has 
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Tablb2. 



Year. 


Date of arriral. 


1907 
1909 
1910 
1911 
1912 
1913 


Apr. 27 

Apr. 27 
Apr. 14-May 6 
Mar. 20 
Apr. 8 



been incorporated. This summary will deal (1) with the migration of the 
birds; (2) with the food and feeding instincts; (3) nesting activities; (4) swim- 
ming activities; (5) retention of nesting habits. 

MIGRATION. 

The time of the northern migration apparently is variable. Some statistics 
have been made of the approximate time of arrival at Bird Key by the warden 
of the Department of Agriculture and the Audubon 
Societies. This warden, since Tortugas was set aside 
as a game reserve, is present throughout the breeding 
season. Through the kindness of Dr. T. S. Palmer we 
are able to give, in table 2, the data of the time of 
arrival at Bird Key. It will be seen that the time of 
arrival is variable. The birds appear upon the island 
rather suddenly, noddies and sooties coming together 
in large flocks. They come in usually from the south 
and southwest. Their route is unknown. It is pre- 
sumed, however, that the group leaves the Caribbean 
Sea and comes to the southern shore of Cuba, and then takes a northwesterly 
route to Tortugas. 

The southern migration b^ins some time in the latter part of August and 
early part of September. Dr. Palmer furnishes us the dates given in table 3. 

Again we see that the date for the southern migra- 
tion is variable.'" The birds apparently leave in 
flocks in a southwesterly direction. It would be in- 
teresting to know if the old birds leave first, deserting 
the immature birds. This seems quite improbable in 
view of the fact that the eggs are laid during about 
4 to 5 weeks in May and early June. This means, of 
course, that the young birds mature from about the 
middle of August to the middle of September. The 
birds laying first would be ready to leave first with 
their young. Many anecdotes are told about this colony and others to the 
effect that the young are left by the parents and that an "enormous pilot 
bird" appears always in time to lead the young to their distant and unknown 
winter goal. 

*The impulse to migrate does not oonoem us in the present paper. It seems worth mention- 
ing, however, that neither temperature nor food conditions (7) vary much from August 20 to 
September 20. Dr. Mayer furnished us the 
acoompansHng table of temperatures (given 
in degrees Fahrenheit) covering the period of 
August 9 to September 27. It will be seen 
that the average temperature is practically 
constant during the oitire period of migra- 
tion. These records tend to support the 
commonly accepted view that the stimulus 
to migration is an intraorganic one. (See 
Chaimuui, Birds of Eastern North America, 
p. 66.) 
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Year. 


• 
Date of departure. 


1907 
1909 
1910 
1911 
1912 
1913 


Sept. 22 
Aug. 16-27 

Aug. 9-Sept. 25 
Aug. 2&-8ept. 20 

Aug. 29-Sept. 12 

• 











Extreme 


Date. 


High. 


Low. 


Aver. 


range for 
week. 


1912 










Aug. 9 to Aug. 16 


87.6 


84 


86 


3.5 


16 23 


87 


81.6 


85 


6.6 


23 30 


87.6 


83 


86 


4.5 


30 Sept. 6 


98.6 


84 


87.6 


6.6 


Sept. 6 13 


88 


81.6 


86 


6.6 


13 20 


87.6 


81 


84 


6.6 


20 27 


87 


77 


84 


10 
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FEEDING INSTINCTS. 

The noddy and sooty live almost exclusively upon minnows during the 
breeding-season. During the remainder of the year nothmg is known of their 
diet. But since captive birds learn to eat cut fish with the greatest difficulty, 
we judge that their food, even during the winter months, is live minnows. 
The minnows are obtained in the following way: when large fish b^in to 
prey upon the schools of minnows, the minnows, in their efforts to escape, 
spring out of the water; the birds, always hovering over the surface of the 
water, flock to these places and catch the minnows just as they leave the water. 
The following note was made on one of our trips around the island : 

June 16 f 1910: Watched birds feeding about 2 mfles out. The group comprised about 50 
birda, moflily noddies. Some Booties were present and 6 least terns. The noddies hovered 
about 12 inches over the water, following the school oi minnows. They make a rattling 
noise, all the while, audible 200 feet away. The noise made by any individual bird gets 
stronger as the fish is sighted. The noddy steps on the water oiten, sometimes strikes it 
with the breast, not in diving movements, but in those oi pursuit. Never folds the wings 
and sits in the water.* The sooty behaves in a very similar manner, except that I saw one 
bird apparently diving for a fish; it certainly partially submerged its body. The least 
tern fishes in a characteristic way: It hovers i^ut 6 to 10 feet above the water. The 
moment the fish is sighted, it folds its wings in a V shape, and shoots vertically downward, 
striking the water head first and going under. It does not always swallow the fish, but 
comes up with it in its beak. No resting on water, even with least tern; dives in an 
incredibly short time; comes up and is ready to strike again. 

It is obvious that the tern, in order to obtain food on long trips, must be 
constantly in im environment both where large schools of minnows abound 
and where schools of large fish are constantly attacking these minnows. 
Furthermore, the minnow must be of a type which will spring out from the 
water in its ^orts to escape. These peculiar conditions can be found in May 
(the one month when homing can be conducted) probably only in tropical imd 
juxtatropical waters. This fact probably wiU always make a flight from New 
York, e. g., impossible. On the other hand, the line from Bird Key to Gal- 
veston (Galveston being more nearly in the latitude of Bird Key) probably 
offers favorable feeding conditions throughout its length. 

In regard to the distance from Bird Key covered by birds in their daily 
search for food, our 1910, 1912, imd 1913 observations abundantly confirm our 
early (1907) observation that this distance rarely exceeds 17 to 18 miles. It 
may be said in passing that these birds are practically unknown both in Key 
West and in Galveston. Furthermore, in the many trips which we have made 
between Key West and New York we have never noted these birds north of 
Key West; hence we must conclude that Bird Key (plus 17 to 18 miles) is the 
northern limit of migration for both noddy and sooty.t 

*In the 1907 i>aper we had nerer seen noddies and sooties swimming in the water. In 1910 
we saw one noddy fly into the water* fold its wings, and begin swimming like a duck. About 10 
other noddies joined this one. This is the only occasion upon which we have ever wit n ess e d 
swimming movemoits. We have never seen the sooty in the water, except when accident has 
overtaken it. 

tThey are reported sporadically along the eastern coast of North America. Such Urds in all 
probability have been blown northward by heavy winds. This occurs rather frequenUy in the 
migrating period. 
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NESTING ACTIVITIES OF NOE)DIES. 

The noddy tern builds its nest usually in the bay-cedar bushes, of whatever 
material it can find; small twigs (plate 4, fig. 1), seaweed, and shdls are all 
used. At times the nest is placed on low-growing grasses (plate 3, fig. 2) and 
cacti, rarely on the bare groimd. Both birds work upon the nest. Usually 
several days are required to complete the structure. One egg is laid. The 
period of incubation is 28 days. If the egg is removed, usually another egg is 
laid. In this way it becomes possible to prolong to some extent the breeding 
period. 

While the nest is under construction and dimng the period between the com- 
pletion of the nest and the depositing of the egg, the male feeds the female 
(plate 4, fig. 2). Dimng all this time the birds are wild and beyond easy 
means of control. As soon as the egg is laid the instinctive cycle changes and 
the birds no longer fly out at the approach of the experimenter. At this time 
the noddy becomes a suitable subject for experiment on homing. At the 
beginning of the brooding season proper, still another marked change comes 
in the feeding instincts. Both birds brood the egg, shifting more or less 
regularly at 2 to 5 hour intervals. At night both birds are invariably present. 

NESTING ACTIVITIES OF SOOTIES. 

The sooty tern usually scratches out a shallow depression in the sand (plate 
4, fig. 3). Since 1907 the island has become covered with a dense under- 
growth and bare stretches of sand are not common. The vast majority of the 
e^s are now laid bare upon the earth or upon a leaf carpet. It is advisable, 
where homing experiments are to be carried out, to clear out this undergrowth 
in desirable areas. Observation of the nest is thus made easy. Clearing 
away the imdergrowth has one disadvantage by reason of the fact that in the 
last few years the laughing gulls have become quite numerous on Bird Key. 
They persistently rob both the noddy and the sooty nests. Some means 
must be found for preventing their depredations. They were quite trouble- 
some in 1913. 

The sooties, like the noddies, are wild until the egg is laid (in certain nests 
two eggs are laid). Diuing the brooding period they become quite bold and 
are easily caught. The brooding period is about 31 days. Male and female 
take r^ular turns at the nest. Shifts occiu* only once in 24 hours, however, 
and at times only once in every 48 hoius. For this reason it is always more 
di£Bicult in homing experiments to determine the time of arrival of the sooty 
at night than that of the noddy. What becomes of the sooty when not on 
the nest is difficult to say. The two occupants of a nest are rarely seen 
together. We are inclined to think, though, that both birds are near the nest 
at night. Close observation of the sooty is difficult unless the bird is marked. 
There are probably more than 18,000 (possibly 30,000) sooties on Bird Key, 
and the nests are often separated by a distance not greater than the length of 
the bird (plate 4, fig. 3). Notwithstanding this crowded condition each nest 
is accurately localized by its proprietors. Encroachments upon a nest or its 
environs by a neighboring bird are fiercely punished by the owners. The nests 
are carefully maintained all during the brooding period. When the young 
bird is 10 to 12 days of age there is a gradual desertion. The young bird runs 
to meet the parent and begins to feed at whatever place the meeting is effected. 
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SWIMMING AND RESTING UPON THE WATER. 

In an earlier paper we called attention to the fact that the birds during the 
nesting season, even while feeding upon minnows over the surface of the water, 
rarely come to rest in the water, and that neither the noddy nor the sooty is 
ever seen swimming in the water. Since, in the experiments on homing, it is 
necessary for the birds sent to Galveston and out over the Gulf generally to be 
able to pass one or more nights upon the water, it occurred to us to make some 
tests as to the swimming ability of the birds, their ability to rest on the water 
over night, etc. We report the following notes made by the senior author 
in 1910: 

TESTS UPON THE WATER HABITS AND INSTINCTS OF NODDY AND SOOTY TERNS. 

1. One noddy and one sooty were carried into the water and graitly placed on the surface 
of the water. They arose with ease and flew away, none the worse f(^ the test. 

2. One noddy and one sooty were held in the water and at times immersed in it for a period 
of 10 minutes. The birds were then placed gently on the surface. The noddy immediately 
raised itself and flew over to the lajoid. The sooty was helpless under these conditions. 
While in the watw it floundered about, getting the tips of its wings out, but could not rise. 
Since it was becoming more and more watw-logged, I rescued it and tossed it into the air. 
It immediately righted itself, and, gathering strength, rose higher and higher and flew away. 
When in the water the bird made no attempt to swim, nor did it turn instinctively towards 
the shore. 

3. Two noddies were captured and carried into the water and plunged below the surface 
to a depth oi 2 feet and released. When they reached the surface, both rose easily and flew 
away. 

4. A large wire cage, 6 by 8 by 7 feet, having a 2-foot door, was carried into the watw 
to a distance oi 100 yards from the shore and left there during the test to be described. 
The cage was entered through a wire door in the side. It was sunk to a depth of 2 feet. 
This left 5 feet between the surface of the water and the top of the wire door. (See plate 5.) 
Two noddies and two sooties were placed in this cage at 5^ 15™ p. m. They began flying up 
and attempting to get out. AU were able to alight on the water and to rise from it, the 
noddies in a beautifully coordinated way. When they alighted they would fold their 
wings carefully and tightly against the body and hold the head and breast high above the 
water, swimming as smooUily and as beautifully as a swan, and showing perfect at-homeness 
in the water. (See plate 5, fig. 1.) The sooties, on the other hand, arose and alighted 
clumsily — head barely out of the water, wings not held up — sometimes, indeed, they were 
spread out. The sooties, however, could swim perfectly. For about 2 hours the birds 
attempted to fly out, the noddies making the more vigorous resistance. The birds then 
became relatively quiet. I left them undisturbed until 8^ 30" the following morning. 

The noddies were in first-class condition at that time and were not in the sUghtest degree 
bedraggled or water-logged . They swam as easily and as perfectly as in the afternoon of the 
day before. As I approached the cage, th^ arose and hovered for more than a minute in 
the air, then alighted. I opened the door and the birds swam out and rose immediately 
from the watw, one going at once to its nest, the other out over the water. One sooty was 
dead; the other was just barely able to keep its head above water; the feathers were 
water-sodced and the bird was shivering. Plate 5, fig. 1, shows the condition of the birds 
at this time. The two noddies are in perfect condition. The one live sooty is shown in 
the left-^iand comer of the photograph. I rescued it and put in on the warm sand, where it 
remained and slept without moving from its tracks for nearly 2 hours. A commotion in 
the colony then alarmed it and it arose and started out over the water. It flew to a dis- 
tance of 100 yards and fell into the watw. The other birds of the neighborhood imme- 
diately began to hover over it in the peculiar way shown in our earlier study. I swam out 
and rescued the bird, tossing it high in the air. It flew the remaining distance to the shore 
and again sunned itself for more than an hour. 

5. Two noddies and two sooties were put into the cage as before, this time at 11 a. m., 
so that I mi^t be able to watch their behavior and rescue the birds in case of disaster. The 
island was generally quiet and I watched them through a field-glass so that I might not 
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disturb them. The birds behaved as in the previous test. After a time they ceased to make 
attempts to escape and settled down in the water. In about 2 hours one sooty could no 
longer rise from the water, and in 4 hours the second sooty became entirely water-logged. 
At 6 o'clock, seeing that the sooties would soon be entirely helpless, I rescued them. At 
my approach the noddies flew up and hovered in the air as if they had not been through any 
d^cult experiences, and when I opened the door they swam out and flew away. The sooties 
were quite helpless. I tock them in and kept them over night in a warm place. On the 
following morning they were apparently as fresh as ever. 

These tests seem to show that the noddy is as at home in the water as in the air. It is 
quite clear that it could stay on the open water in calm weather indefinitdiy, and that even 
in roug^ weather it could probably last out by alternately alighting on the water and then 
flying up. It would seem from the above tests that the sooty would be unable to last over 
night in the water unless some aid were at hand. Incidental observation leads me to sup- 
pose that the sooty is the better flier. As was brought out in an earlier paper, the sooty 
joins the man-o'-war birds and the pelicans in difficult flying feats. These birds gathered in 
crowds and circled around and around, going up completely out of sight. Again at night the 
sooty is far more on the wing than the noddy. Furthermore, the sooty flies higher, much 
higher, than the noddy. In coming in at nifitht from the water the noddy nearly always 
takes the lower strata, flying usually not more than a few meters above the surface. The 
sooty, on the other lumd, flies high. Occasionally one sees two sooties darting off together 
and keeping parallel courses, no matter how the direction of the flight may be varied. Both 
wheel to the right or to the left, down or up, in a way quite similar to the evolutions of the 
pigeon. One never sees noddies engaged in this form of play. It would seem that the two 
q)ecie8 differ markedly in their behavior towards the two elements, air and water. 

6. I became anxious to find out if the fate of the sooty forced to apend the night upon the 
water were changed if small pieces of drift-wood were at hand. Two noddies and two sooties 
were put into the cage as before. This time I had tethered against the tide 4" by 6" 
by 6" pieces so that they floated free and were held away from each other. The sooties 
aUghted first on the water. The two noddies began alighting on the blocks almost immedi- 
ately (plate 5, figs. 2 and 3). As I write, 10 minutes later, both sooties are in the water 
and both noddies on the blocks. The blocks keep turning over in the water, since the 
tide is running out rapidly and it is hard for the birds to keep their footing. The sooties 
make little or no effort to take the other two blocks. They sometimes fly up in the air, 
but rarely attempt to take the blocks. One just caught the block (plate 5, fig. 2), but 
flew up immediately and did not again attempt to ali^t on it. The noddy when aUght- 
ing goes always to the block. At the end of the first ten minutes one sooty began con- 
stantly to climb up and ride on the block but could not stay on very welL The other sooty 
had not made the slightest attempt to alight on it. The noddies at the end of twenty 
minutes never alighted on the water. At the end of 25 minutes one sooty, which had been 
constantly in the water, was no longer able to rise from it (plate 5, fig. 4). Two hours 
later the bird which was unable to rise escaped by reason of the fact that the tide had 
dropped below the top oi the door in the side of the cage, which I had neglected to close. 
The other three birds each possessed a block and were calmly standing upcm it, making no 
efforts or struggles to escape. At 1^ 15"^ the sooty had perfectly mastered the block and 
seemed quite content. It apparently had to leam to use the block and did not go 
instinctively to it. At 2 p. m. I captured another sooty and placed it in the cage. The 
behavior of this bird was wholly similar to the above. Its efforts disturbed the other sooty, 
which began to make struggles to escape, becoming unoodrdinated in its movements, and 
finally dropping into the water. At 4^ 30^ both sooties were in such poor condition that I 
decided to release them. The noddies were still in as good condition as before. 

7. On June 9, 1 tethered heavy pine boards V by 6" by 8" as floats. They were fastened 
at both ends, so that no matter which way the tide was running they would remain relatively 
stable. Under these conditions the sooties passed the night comfortably and were in perfect 
condition on the following morning. 

It seems quite clear from these experiments that if the sooty could find fairly 
heavy pieces of drift-wood in the Gulf or beds of sea-weed, which are probably 
always present, it would be able to pass an indefinite period of time upon the 
water. Up to the 1913 experiments I had supposed that this inability to pass 
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the night upon the water in the absence of drift-wood accounted for the 
failure of many of the birds to return to Bird Key. The 1913 experiments 
upon homing between Galveston and Bird Key (p. 54) seem to show that 
entire reliance can not be placed upon the results of the experiments we have 
just considered. In the Galveston tests many of the birds were out upon the 
water (apparently) during periods ranging from 5 nights to 17 nights. Hence 
we must conclude either that drift-wood was abundant or else that the sooty 
when not confined can spend the night upon the water. If our results are 
taken at their face value they would seem to force the conclusion that the 
Galveston sooties were able to find something to rest upon during the night. 

RETENTION OF NESTING HABITS. 

In controlling experiments upon homing it becomes essential to know (1) 
the length of time the bird left on the nest (0) will care for the nest, egg, young, 
etc., and (2) the length of time nest habits will be retained by the bird which 
has been sent away (R). The necessity for data on (1) arises by reason of 
the fact that as soon as the bird left at home begins to desert the nest, other 
birds steal the straws, if it is a noddy nest, or fill it with sand, disarrange the 
egg, etc., if it is a sooty nest. Nests so disturbed will not be taken by birds 
returning from the experiments on homing. Since the observer can not keep 
all of the nests under observation at any one time, it is essential that they be 
kept in good condition by the bird remaining at the nest. In order to control 
this factor perfectly it would be advisable in future experimentation to invert 
wire cages (with open doors) over the nests several days before capturing the 
birds which are to be sent from the island. These nests could be watched and 
as soon as the O at any given nest begins to desert, the door of the cage could 
be closed up until R was expected. R having been habituated to the cage before 
he left, would not hesitate to enter it on his return if the door were left 
open or to perch upon it if the door were closed. 

The necessity for data on (2) appears when we consider the possibility of the 
eCFect of loss through disuse (or waning) of nest habits, upon the possibility 
of locating the bird (R) upon its return. If nest habits, habits formed to a 
particular nest, to mate, etc., are lost at the end of 2 or even 3 weeks, it is 
unlikely that the total number of birds returning from long trips can ever be 
observed. Fairly complete data have been gathered upon (1). 

OBSERVATION UPON BEHAVIOR OF BIRD LEFT AT NEST (o) AFTER REMOVAL OF 

NEST MATE (r). 

So many observations have been made upon this phase of the subject, that 
only a small niunber of our records will be given. We present in table 4 
the behavior of 24 birds whose mates had been sent to Galveston. The mates 
were removed May 15, 1913. During the first 6 days the O's carefully guarded 
the nests, usually sitting closely upon the eggs. Occasionally short trips for 
food and water were made. This, in the case of the sooties, means a tremen- 
dous change in habits, since they ordinarily leave the nest for 24 hours at the 
nest shift. 

Records similar to the above were kept upon several di£ferent occasions, 
but the results were identical. Summarising (1), we find that both noddies 
and sooties, when left alone at the nest, remain on guard and brood the egg 
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closely for at least 6 days. There then ensues usually a period where, in most 
cases, the birds begin to guard the egg less closely, leaving it entirely for long 
stretches of time, and on returning merely stand or sit near it. Complete 
desertion finally occurs. Individuals differ greatly as r^ards time of deser- 
tion, as may be se^i by examining table 5, condensed from table 4. 

Tablb 4. — Behavior of ti. birds whose mates had been sent to Galveston, 

A « absent. P « present. MR « Mate returned. Pa. » Present but not sitting on nest. 

D« deserted. CAM » courted by another bird. 





7 
days. 


9 
dayv. 


11 
days. 


14 
dajrs. 


19 
days. 


22 
days. 


27 
dayv. 


Remarks. 


SooHea. 


















No. 1 


A 


A 


A 


MR 


• • 


• • 


• • 


Both birds hung around nest but 
never completely resumed care 
of egg. 


2 


P 


A 


A 


P 


Pa. 


D 


D 


Deserted completely. 


3 


P 


A 


A 


A 


D 


D 


D 


Deserted completely. 


4 


P 


A 


P 


A 


P 


D 


D 


Deserted completely. 


5 


P 


P 


P 


P 


MR 


• • 


• • 


The pair completely resumed nest- 
ing activities. 


6 


A 


A 


A 


P 


P 


Pa. 


D 


Very faithful to end of observa- 
tion. 


7 


P 


A 


A 


P 


A 


D 


D 


Deserted. 


8 


P 


P 


A 


MR 








Pair resumed nesting activities. 


9 


P 


P 


MR 


• • 








Pair resumed nesting activities. 


10 


P 


P 


A 


MR 








Pair resumed nesting activities. 


11 


P 


A 


P 


MR 








Pair resumed nesting activities. 


12 


A 


A 


A 


MR 








Completely resumed nesting ac- 
tivities, although had ap- 
parently deserted. 


Noddies. 


















No. 13 


A 


P 


P 


P 


Pa. 


D 


D 


Deserted. 


14 


P 


P 


P 


A 


Pa. 


MR 


• • 


The pair completely resumed 
nesting activities. 


15 


P 


A 


P 


P 


A 


D 


D 


Deserted. 


16 


P 


Pa. 


A 


P 


A 


D 


D 


Deserted. 


17 


P 


A 


P 


P 


D 


MR 


• • 


Deserted, but R when he re- 
turned took another nest mate 
and resumed (incompletely) 
nesting activities. 


18 


P 


P 


CAM 


MR 


• • 


• • 


• • 


Nesting activities not resumed. 


19 


P 


P 


P 


P 


A 


P 


P 


Faithful to end of observation. 


20 


P 


P 


MR 


a • 


• • 


• • 


• • 


Pair resiuned nesting activities. 


21 


P 


P 


Pa. 


A 


D 


• • 


• • 


Deserted completely. 


22 


A 


Pa. 


MR 


• • 


• • 


• • 


• • 


Pair completely resiuned nesting 
activities. 


23 


Pa. 


CAM 


D 


• • 


• • 


• • 


• ■ 


Deserted. 


24 


P 


P 


P 


MR 


• • 


• • 


• • 


Completely resumed nesting ac- 
tivities. 



Tablb 5. 



No. 2 deserted at end of 19 dajrs. 

3 deserted at end of 7 days. 

4 deserted at end of 19 days. 

6 did not desert during limits of observa- 

tion (27 days). 

7 deserted at end of 14 days. 
13 deserted at end of 19 days. 



No. 15 deserted at end of 14 days. 
16 deserted at end of 19 dasrs. 
19 did not desert during limits of observa- 
tion (27 days). 
21 deserted at end of 14 days, 
23 deserted at end of 11 dasrs. 
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Only birds whose mates did not return are listed in this table. The data in 
all of these studies on retention of the nest suffer by reason of the fact that 
sex was not determined. No. 23, deserting at the end of 11 days, was undoubt- 
edly a female. 

RETENTION OF NE8TINO HABITS AND NEST LOCALITT IN THE BIRD REMOVED 

FROM THE NEST (r). 

In order to test the limits of retention of nest locality, 10 noddies and 10 
Booties were captured and their nests plainly marked on May 12, 1913. They 
were individually marked with oil paints, carried to Loggerhead Key, and kept 
in a large fly-, mosquito-, and ant-proof cage.* We planned to release these 
birds at varying intervals and to note whether they returned and resumed 
normal nesting activities with their mates. The experiment was planned to 
give the limits of time within which complete resumption of nesting activities 
might take ^lace after forcible detention on Loggerhead. The test was com- 
pleted as follows: On the day any given bird was to be released on Loggerhead 
the experimenter stood before the nest while an assistant took the motorboat 
and went to Loggerhead to release the bird. The watches of the experimenter 
and the assistant were set together. The following simunary is taken from 
the notes of one of the observers. 

11 days: 

Noddy No. 11 was released at 4^ 24"* p. m. after spending 11 dajrs in captivity. Upon 
release at Loggerhead the bird flew out to water and thorouc^y lathed. There- 
upon it flew off straight to Bird Key. Bird was fed before leaving. Arrived at 
rim of nest at 4*^ 34"*. Total time 10 minutes. Flew away an instant after 
alighting. No sign between mates was made. O had been very faithful. Upon 
R's return did not attack, as it surely would have done had R been a stranger. 
After 26 minutes R returned to island and flew to house top. Remained there 8 
minutes, then came down and arriving at nest bowed (plate 3, fig. 1) to mate. 
Mate bowed in return. R did not sit on egg that day, but brooded it the following 
day in a normal manner. 
16 days: 

Noddy No. 17 was released at 11^ 33™ a. m. after 15 dajrs. Arrived at nest at 11*^ 57"*. 
Time, 24 minutes. Left nest and did not reappear before observer left at 1^ 15™. 
O was not on the egg but on nearby limb. Bird did not appear again that day 
while I was present. On the following morning I saw O repeatedly drive R away. 
Friendly relations were never resumed. 

Sooty No. 12 was released at the same time. This bird never appeared at its nest. 
16 days: 

Noddy No. 18. Released at 5 p. m. after 16 dajrs. Would not leave Loggerhead. 
Flew to water, thereupon to bow of one of the boats, then underneath dock. 
Finally disappeared from Loggeriiead but never appeared at its nest. 

Sooty No. 5. Released at same time as No. 18. Flew out over gulf to Southwest, then 
turned and started towards Bird Key. Never was observed at nest. 

*Very fine galvanised wire netting indoaed all sides of the cage. The cage was floored and 
covered with wooden boards. It was mounted upon four legs, 3 feet in height, and the bottoms 
of the legs were inserted into large pails kept filled with water. Fresh sand was kept on the floor 
of the cage. The birds were fed with minnows. At first they would not eat and some had to be 
totoed to eat. After 4 or 5 dasrs the majority of them began to eat. For some reason many of 
the birds lost flesh rapidly and died, even in cases where they apparently ate the normal number 
of minnows. Of the 20 birds in captivity only 13 lived through the experiment. 
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18 days: 

Noddy No. 16. Released at 0^ 30" a. m., 18 dajrs in captivity. Refused at first to 
leave dock. When driven away started north after bathing. Was not observed 
at nest until 6 days later. He was then sitting on the rim (at 5 a. m.). Mate was 
near. Nesting activities not resumed. Probably on Bird Key on night of day 
released, but left for feeding-grounds every morning before observations oould be 
made. 

Noddy No. 19. Released same hour as No. 16. On release joined No. 16 in 
fli^t. Seen near nest on following morning. Nest not resumed. Mate had 
completely deserted. 
todays: 

Sooty No. 7. Released 8*^ 50" a. m. after 20 dajrs. Bird very weak. Would not leave 
Loggerhead and finally died there. 

Sooty No. 8. Released as above. Flew off and headed north. Never appeared 
at nest. 
tt days: 

Noddy No. 20. Released Z^ 31* p. m. after 22 da3rs. Flew north. O had taken 
another mate. R was not observed until 3 days later (probably was driven off 
by O). When observed R was not sitting egg. Nest was finally abandoned. 
id days: 

Noddy No. 13. Released 8 a. m. after 25 days. Not observed at nest until 3 days 
later. Made no effort to sit egg. O not near nest. 

Noddy No. 14. Released with No. 13. Spent 5 minutes in water, then flew 
west. In good condition. Not observed until 3 days later. Mate not near. Made 
no effort to sit egg. 
t6 days: 

Noddy No. 15. Released 11 a. m. after 26 days. Spent 5 minutes in water, then flew 
west, appearing at nest at 12^ 30" p. m. Was not sitting on egg. Two days 
later was observed sitting on limb sbove mate. Mate was on the egg. Later 
observations showed that O had accepted another mate. R often appeared and 
hung around, but never forced out the intruder. 

A summary of these field notes is given in table 6 : 

Table 6. 



No. 11 at end of 11 days returned to nest. 
17 at end of 15 dasrs returned to nest. 
16 at end of IS days returned to nest. 

19 at end of IS days returned to nest. 

20 at end of 22 days returned to nest. 



No. 13 at end of 25 days returned to nest. 

14 at end of 25 da3rs returned to nest. 

15 at end of 26 da3rs returned to nest. 
18 did not return to nest after absence 

of 16da3rs. 



None of the 4 Booties living through the experiment returned to the nest. 
Except No. 11, the relations with mate were not resumed. 

From this series of notes we see either that the conditions were not favorable 
to the Booties or else that locality and nesting habits are not retained by them 
for as long a time as by the noddies. From data offered below it would seem 
that the mmatural conditions offered by captivity at Loggerhead produced 
a waning of the nesting impulses, if not loss of retention of nest locality, and 
furthermore, that habits of responding to a given mate are lost before the habits 
of responding to a given nest (place). The system of observation at the nest, 
however, had not been perfected. When himdreds of nests were under obser- 
vation by one investigator, it might easily have been possible for him to have 
timed his observations in such an unfortunate way as to have missed the ap- 
pearance of the Rs at the nests. A reference to page 42 shows that the sooty 
when not brooding the egg disappears for 24 hours and sometimes 48. Fur- 
thermore, these birds usually leave their nests at daybreak, before there is 
sufficient light for identification. 
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Data supplementing the above may be obtained by referring to table 4, 
p. 42, which gives a record of 13 birds returning from the Galveston trip 
(places are marked by the words "mate returned")- The length of time the 
birds were out is given in table 7. 

Tablb 7. 



Sooty No. 1 returned after 14 dayB. 
5 returned after 19 

8 returned after 14 

9 returned after 11 

10 returned after 14 

11 returned after 14 

12 returned after 14 



Noddy No. 14 returned after 22 dn.ys. 

17 returned after 22 

18 returned after 14 
20 returned after 11 
22 returned after 11 
24 returned after 14 



In this testy where the birds were not held in captivity, we find 7 sooties 
returning to the nest after intervals varying from 11 to 19 days and 6 noddies 
after intervals varying from 11 to 22 da3rs. In most cases where the nest had 
been maintained by Os, the Rs on retwrning resumed normal nesting activities 
loith their fanner mates. We thus see that under these more natural conditions 
the nesting impulse remains strong from 2 to 3 weeks and that the habits of 
reacting toa particular nest and nest mate are also retained during this period. 

The question arises, of course, as to how many birds returned to Bird Key 
after the various expeditions but escaped observation through the waning of 
the nesting in^nds or the loss of nest habits. This question is not wholly 
answered by our experiment. It seems improbable that birds returning under 
2 weeks could have escaped observation. If return was delayed much longer 
than this (as was perhaps the case in many instances) it is probable that the 
presence of the birds at the nest was too sporadic to be detected by non-con- 
tinuous observation. 

GENERAL TECHNIQUE OF THE HOMING EXPERIMENTS. <^ 

The following routine was adopted on Bird Key in preparing for an experi- 
ment on homing. Roads were first cut through the thickly populated noddy 
and sooty districts. These roads may be cut at any time before May 15 (they 
should not be cut later than this because of the number of eggs which are on the 
ground). It is easy to capture both noddies and sooties on these roads, and 
easy to observe their return. Where, in the course of a season, so many birds 
are likely to be on the road, it makes it very much easier to take all of the 
Galveston birds, e. g., from one road, the Key West birds frmn another, etc. 
As one passes down the roads the boldest of the birds will stay on the nests, 
or if they do leave momentarily, they will fly back while the experimenter is 
standing close to the nest. These bold birds are the ones always captured. 
Before passing down the road for the purpose of capture, stakes about 12 
inches long and 1 inch square are made. A large Dennison tag and a small tag 
are attached to the end of the stake, the small tag being attached loosely. 
The two tags bear identical legends. The laige tag will have written upon it in 
water-proof ink, e. g,, ''Sooty, Galveston, removed May 16, marked with 
scarlet lake, 3 bars on head and neck." When the bird is captured the stake 
is pushed down into the sand if a sooty or tied to a convenient twig if a noddy 
very near to the nest (plate 6, figs. 1 and 2). The small tag, bearing a 
duplicate of the above legend, is pulled off. The bird and small tag are handed 
to an assistant, who ties the tag aroimd the bird's neck and puts the animal in 
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a portable cage. When enough birds have been collected the lot is taken back 
to the house and marked with oil paints as indicated by the cards attached to 
the birds' necks. Plate 6, figs. 1 wd 2, show also the clearness with which the 
markings appear after the return of the bird. Not until 1913 did we realise 
the importance of having individual compartments of large size in the canying 
cage, and although we used individual compartments in 1913 they were not 
large enough, so that it may safely be said that none of the experiments to be 
reported has been carried out imder ideal conditions. Certainly if any other 
work is ever to be attempted at Bird Key it is absolutely essential to have 
a large compartment for each bird, and a supply of minnows sufficient to last 
the whole trip. The most convenient way to perfect the technique of feeding 
the birds on the trip is to send a refrigerator with the birds and to keep the 
minnows stored in this. 

PREVIOUS EXPERIMENTS ON HOMING AT TORTUGAS. 

In order that the present paper may give a complete record of the homing 
work done at Tortugas, we copy the following simunary from the 1907 publi- 
cation. 

EXPBRIMSNT I. 

Six noddies were captured one evening and marked characteristically and individually 
with ofl paints. These birds were put on board the laboratory launch, which happened to 
be T TiAlrtfig a trip to Key West on the fdlowing morning. The nests of these birds were all 
close together and were tagged with a large caxd in (Mrder to facilitate observation. Two of 
the birds were released at Rebecca Shoals Light, 31.38 km. (19.5 statute miles) from Bird 
Key; two at Marquesas, 72.75 km. (44.75 statute miles); and two at Key West, 106.02 km. 
(65.8 statute miles). I kept their nests under constant observation the whole day long. 
Naturally, since the birds had been without food for some time, and since I had no guar- 
antee that they would immediately seek the nest after reaching the island, I expected the 
return to the nest to be irregular. The results were as follows: 

The two Rebecca birds, released at 0^ 30°* a. m., returned about 12 noon. 

The two Marquesas biids, released at 2^ 15™ p. m., returned together at 4 p. m. 

The two Key West birds were released at 6^ 30°* p. m. One returned at 7^ 30°* a. m. the 
next day, the other at 5^ 05" p. m. These two birds, bearing out my statement that these 
terns do not fly at night, probably slept in the neighborhood of Key West and left early the 
next morning. A heavy gale and rainstorm set in very shortly after these birds were re- 
leased and I doubted very seriously whether they would ever return. Apparently one of 
the birds was not affected by the storm, while the other was probably blown from its course. 
The respective mates of these birds remained on the eggs the entire time, going neither (or 
food nor water (?). 

EXPBBIMBNT II. 

Three noddies and two sooties (one of the sooties was known to be a male) were captured 
and marked as above. Their nests were likewise prominently marked. On the early 
morning of Thursday, June 13, these birds were put into a large insect cage and given in 
charge of Dr. H. E. Jordan, who was returning to New York. He carried these birds via 
the govenmient tug to Key West. There food was purchased for them (minnows). At 
3 a. m. Friday the 14th, I>. Jordan boarded the Mallory boat Defwer, which left at that 
time for New Yoiic. On board the boat the birds were both watered and fed. On Sunday, 
the 16th, at 9^ 20- a. m., the birds were released at lat. 35"" 8', long. 75"" IC (12 miles 
east of Cape Hatteras, approximately). The wind was fair for several dajrs after the birds 
were released. I kept their nests under constant observation, but had almost given up hope 
of their returning when, to my surprise, on June 21, at 8^ 30'** a. m., I found both marked 
Booties on their respective nests. 

None of the maiked noddies was ever found on its old nest, but several days after the 
sooties had been observed at their nests, by chance I observed one of my marked noddies 
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ftUempting to alight oo Hb nest. On aoeount of the mate having fanned new'' affiliAtaoos'' 
this was not pennitted» and I immediate^ lost track of the bird. I have little doubt that 
the other noddies also returned to the island, but likewise were not permitted to return to 
their nests. 

The distanoe from Hatteras to Bird Key in a straight line is approzimatdy 1,367.9 km. 
(850 statute miks). The akmgshore route, whidi is the one in all probability choaen by 
the birds <m their return^ since they were gone several rUghU, is i^H^rozimately 1,789.6 km. 
(1,061 statute miles). 

ExPERIlfSNT III. 

On Monday, July 8, two noddies and two sooties were captured and marked and given 
into the charge of Dr. Robert Hartmeyer, who was returning to Cknnany by way of ELavana. 
The birds were in such poor condition, owing to the enormous strain of several da3rs' feeding 
of their then quite large young, that we deckled to release them at Havana instead of taking 
them farther out. On the 9th the birds were earned by Dr. Hartmeyer on board the gov- 
ernment tug and taken to Key West, where they q)ent the night and part of the following 
day, the 10th. They were carried in Dr. Hartmeyer's stateroom to Havana on the night 
of the 10th. Early in the morning of the 11th the birds were released in ELavana Harbor. 
An returned to Biid Key on the 12th. Since they had had to spend 3 da3rs without food 
or water, they were in poor physical conditkm. Th^ probably spent one day aiul night 
around the shores of Cuba, leaving there early in the morning of the following day. The 
noddies were observed on their nests at 7 a. m. while the sooties were noted for the first 
time at 6^ 30°* p. m. of the same day. 

The distanoe in a straight line from Havana to Bird Key is approximately 173.8 km. 
(106 statute miles). 

RECX)RD OF EXPERIMENTTAL WORK ON HOMING IN 1910 AND 1913. 

THE FLIGHT FROM KEY WEST. 

On May 16, 1910, 12 noddies, 12 sooties, and 4 man-o'-war birds were cap- 
tured and marked individually as described below. We had intended to ship 
these birds to Key West on the 17th in order to send them to Galveston on the 

Tablb S.—FUght of noddies from Ke^ WesL 



Marking. 



Returned. 



Days out. 



Yellow, irregulmr splotches oo right wing 

Yellow band enoirding neck 

Yellow line between winci 

Yellow, inegolar splotches, right wing 

Yellow, solid on right wing 

Yellow, two vertical lines on head 

Yellow Use imm apex of head down to tail Jeathers. . . 

Yellow, splotched head and neck 

Ydlow, two heavy vertical bars on head and neck — 

Yellow, solid on head 

Yellow, solid on left wing 

Ydlow, horisontal lines on head 



May 20, noon 

May 20, lO^^SO^a. m. 

May 21, 6 a. m 

May 19,' 10 a. m 

May 19, 5 p. m 

May 19,' 8 a. m 

May 19,' 8 a. m 

May 19,' 8 a. m 

May 19,' 10 a. m 

May20, 10i>3(Fa.m. 

May 20, 8 a. m 

May 19,' 8 a. m 



1 d. 21) h. 
Id. 20 h. 

2 d. 15 h. 

19} h. 
Id. 2 h. 

17 h. 

17< h. 

17 h. 

19th. 
Id. 20 h. 
1 d. 17} h. 

17} h. 



'These birds probably returned afternoon of day before, %. e., same day rdeased. All the 
birds had a strong northeast wind with them. 

18th by Dr. J. F. McClendon.* On the 17th a heavy storm set in and the naval 
tug could not leave Tortugas. On the 18th, since there was still a chance to 
catch the Galveston boat, they were carried by Dr. McClendon to Key West. 
The tug arrived too late to connect with the Galveston boat and the birds were 
accordingly released May 18 at 2^ 30" p. m. in Key West Harbor, 65.4 knots 

*I am very grateful to Dr. McClendon for his help in this experiment. 
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due east of Bird Key. Thinking that Dr. McClendon had made the Galveston 
boat, we did not visit the nests that afternoon. On the following morning, 
in nnA.1nng the romids of the nests, we observed several of the marked birds on 
their nests. We began then to make systematic observations and report here 
the first time each bird was observed at its nest. In all cases these are the 
actual first observances of appearance on the nest, but in view of what has been 
said earlier (p. 45) it is possible that the birds may have attempted on earlier 
occasions to take possession of the nest. Tables 8 and 9 show the time of 
release, the markings of the bird, and the apparent time of return. 

On June 10, at 2^ 30°" p. m., 1 man-o'-war bird was observed. That the 
others were not observed is not remarkable, since: 

(1) There was no adequate stimulus to cause them to return. The man- 
o'-war bird is at home on any coast or island south of Hatteras. He merely 
acts as a scavenger wherever he may find himself. The results might be quite 
different if we were to carry out similar experiments upon him in the Bahamas 
at the time of the nesting season or were to rear these birds as pets. 

Tablb ^.--FHgfU of Booties from Key West. 



Marking. 



Returned. 



Dayv out. 



Scarlet lake, 
Seaxletlake, 
Scarlet lake, 
Scarlet lake. 
Scarlet lake. 
Scarlet lake. 
Scarlet lake, 
Scarlet lake. 
Scarlet lake. 
Scarlet lake. 
Scarlet lake. 
Scarlet lake. 



two oirdee on breast 

three horiiontal dote on breast 

three diagonal dots on breast 

three horiaontal bars on neck and breast. 

solid red breast 

three votical dots on breast 

irregular lines on breast 

diagonal lines, left to right on breast 

large splotches on breast (male) 

diagonal line, rii^t to left on breast 

three horiaontal bars on breast 

three vertical lines on breast 



May 24, 
May 25, 
May 19, 
May 20, 
May 19, 
May 19, 
May 20, 
May 27, 
May 28. 
May 30, 



6 a. m. 
6 a. m. 
8 a. m. 

5 a. m. 
8 a. m. 
8 a* m. 
8 K m. 

6 a. m. 
6 a. m. 
3 p. m. 




(2) The second difficulty lies in the fact that many of the birds are deeply 
hidden by the bushes. For some reason not yet found out they line the edges 
of the bushes wherever the terns are nesting; we now suspect for the purpose of 
collecting the eggs and young. They often roost and rest quite low and it is 
impossible to cover the whole island adequately with the glasses. Even if the 
other birds did return, the chances are much against the fact being discovered. 

Before the above 4 birds were released, 2 man-o'-war birds were released by 
Dr. Mayer in Key West, on May 6, at 2'* 13" p. m. One of these birds returned 
on May 11. We happened to get close enough to observe him without the 
aid of glasses. On account of the difficulty of noting their return, future work 
with them was discontinued. 

The records that the terns made in this Key West flight are valuable in view of 
the fact that they show that the birds, when covering short distances, require, in 
many cases, as much time as birds covering longer distances. In the above tables 
the time ranges from 17.5 hours to 1 1 da3rB. Many of the returns from distances 
greater than 600 miles did not require more than 3 to 5 da3rB (pp. 50 and 58). 

As this Key West flight gave us a set of ''trained" birds, we tested the speed at 
which the noddy and sooty can fly, as follows: 3 noddies and 1 sooty, which 
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had already flown from Key West on the above flight, were again captured and 

sent in a hooded cage to Key West; they were released in Key West harbor at 

2 p. m. (See table 10.) 

Table 10. 



Birds. 


Time. 


Remarks. 


Noddy 1 
Noddy 2 
Noddy 3 
Sooty 1^ 




All birds returned together. They came in with a great flock of other 
birds which had been feeding on the open water (the return of the 
birds in large flocks is usual just at nightfall). The birds probably 
made good time until the feeding-ground was reached, and then 
leisurely ate. It would be a far better test to take well-fed birds and 
rdease them about 5 p. m. Owing to an oversight this test was not 
made in 1913. 



^ The young bird was present in the nest of this sooty. 

Since Bird Key is only 65.4 miles from Key West, the time (3** 45") is not 
very rapid when compared with that in which the homing pigeon could cover a 
short distance like this (at the rate of 1,200 to 1,600 yards per minute). 

ATTEMPTED FLIGHT FROM NEW YORK AND EN ROUTE. 

On the afternoon of May 19, 1910, birds for a New York-Tortugas flight 

were captured. They were taken to Key West, leaving the island at 8 a. m., 

May 20, on the Vellda. It was stormy and the Vellda got into Key West too 

late to catch minnows for the trip. While we felt sure that this doomed the 

expedition to failure, nevertheless we purchased a large fish, which we cut up 

into strips, substituting it as a food supply in place of the minnows. The 

Mallory boat Concha left Key West harbor the night of May 20 at 10»» 30", 

the birds being in charge of Mr. Wilson. The cage was hooded and in addition 

was carried in the hold of the vessel. The first lot of birds was marked as 

shown in table 11. 

Table 11. — Night reUate, 

Sooty No. 1. Yellow, line down back, 1 dot on breast. 
Sooty No. 2. Yellow, both wings splotched. 
Sooty No. 3. Yellow, right wing splotched. 
Booty No. 4. Yellow, 3 vertical bars on left wing. 

These 4 birds were released at 7^ 30" p. m., 365 miles from Bird Key, at 
night (immediately after twilight had disappeared). Only 1 bird from this 
lot returned, requiring ^^proximately 4 days. On release, 1 of the 4 birds 
started due south and the others southeast. The weather was fair imtil the 
24th. On the evening of the 24th a heavy southeast wind set in, which made 
it impossible for the birds to make Bird Key. The rest of the birds were 
carried to New York. They were marked as shown in table 12. 



Table 12. — Rdeased in New York harbor. 

Sooty: Noddy: 

No. 1. Yellow, solid breast. 

2. Yellow, one vertical bar on breast. 

3. Ydlow, one large horisontal bar on breast. 
4; Yellow, two large horisontal bars on breast. 
6. Yellow, vertioal bars on breast. 
6. Yellow, splotched breast. 



No. 1. Red, BoUd head. 

2. Red, vertical bar on head. 

3. Red, one horisontal bar on head. 

4. Red, fight wing and head solid. 

5. Red, left wing and head solid (died in 



.) 
6. Red. splotched head. 

On accoimt of the food conditions the birds became weaker and weaker. 
They were released in New York harbor on Tuesday morning. May 24, at 
4^ 30*, in a fog. On release they left the ship and flew to a distance of 200 
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yards, alighting in the water. One sooty was too weak to maintain itself in 
the air. These birds probably would have had to fly 1,000 miles before they 
could find a suitable fishing-groimd. As has been mentioned, they eat only 
live minnows, which hop over the surface of the water. In view of this fact it 
is not surprising that none of the birds returned to Bird Key. Furthermore, 
the spring in 1910 was much delayed. The air and water in New York harbor 
were unusually cold, but the other weather conditions at first were favorable. 
There were south and southeast winds on the 24th and 25th, while a heavy 
northeast wind with squalls b^an on the 26th and continued through the 
27th. From May 28 to June 1 a flat calm prevailed. On the 1st of June a 
heavy south wind set in. 

THE FIRST GALVESTON TRIP, 1910. 

The birds as marked below were captured and put into a hooded cage on 
the afternoon of May 29, 1910. They were carried to Key West on the 
Physdlia May 30, and put on board the Mallory boat Concha, leaving Key West 
in the afternoon of June 1, in charge of Mr. Wilson. Two releases were made. 
The birds in the first release were marked as set out in table 13. 

Table 13. — First rdeaae. 



Noddy: 

No. 1. Yellow, one horisontal bar on head. 

2. Yellow, two horisontal bars on head. 

3* Yellow, one vertioal bar on head. 

4. Yellow, two vertical bars on head. 



Sooty: 

No. 1. Red, one horisontal bar on breast. 

2. Red, two horisontal bars on breast. 

3. Red, one vertical bar on breast. 

4. Red, two vertioal bars on breast. 



These birds were released Jime 3 at 4'» 45" a. m., en route for Galveston, in 
the open ocean. The Concha was then 470 knots from Key West. Since Bird 
Key is 60 knots from Key West that distance must be subtracted, leaving a 
distance from Bird Key of 410 knots, or approximately 461 statute miles. 
On release all birds with one exception started east. That one headed west 
and continued for about 200 yards, then turned suddenly and started east. 
The birds all flew up about 20 to 30 feet, then downward, and started off within 
a few feet of the water. 

The returns were as follows: 

Noddy No. 1 returned night of June 6; time, 3 days. 

Noddy No. 4 returned night of June 0; time, 3 days. 

Since Noddy No. 3 died we have 2 noddies out of 3 returning from this trip. 

None of the sooties was noted with certainty at Bird Key. This is the first successful flight over 
open water where no shore-line is visiUe that has ever been recorded in any homing bird. The 
homing pigeons* flight over open water, even where there is a coast-line, rardy exceeds 200 km. 

What makes this flight all the more surprising is the fact that the birds 

had a strong head wind against them all during the first day. The second 

day was calm, while on the last day heavy winds were again against them. 

Thirteen other birds, marked as shown in table 14, were taken to Galveston 

harbor. 

Table 14.— Godwston harbor rdeaae. 

Sooty: 

No. 1. Red, solid breast. 

2. Red, one bar left to right on breast. 



Noddy: 

No. 1.* YeUow, soUd head. 

2. Yellow, splotched head. 

3. Yellow, left wing solid. 

4. Yellow, right wing solid. 
5.t Yellow, both wings solid. 

6.* Yellow, head and right wing solid. 

7.t Yellow, head and left wing solid. 

8. YeUow, line from head to taU. 



3. Red, splotched breast. 

4. Red, left half of breast. 

5. Red, right half of breast. 



*I>ied in passage. fNos. 5 and 7 were mates. 
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The 11 birds which survived were released in Galveston harbor Saturday 
morning, June 4, at 5 o'clock. These birds were in a very weakened condition, 
owing to the fact that we had not then begun to construct our cages with 
individual compartments. All the birds were carried in one cage. Mr. Wilson 
reported that in transit the birds piled up on one another sometimes 3 and 
4 deep. As their claws are extremely sharp, this resulted in much injury to 
the birds underneath; their feathers were torn out and the skin made raw. 
Furthermore, they were not eating well, for we again had not deemed it neces- 
sary to provide minnows for the full trip. When they were released all the 
birds flew ashore and alighted upon the sand. They were released in a light 
head wind. On the following day a heavy wind set in against the birds and 
continued all day. On June 8 Mr. Wilson left Galveston for Key West. 
On June 9, at 4 p. m., he saw one of the marked sooties resting upon a piece of 
driftwood. The red marking was plainly visible to the naked eye and still 
more clearly to be seen with the glasses. The bird was seen by several other 
people, including Mr. Greenwood of Galveston and Mr. Brown of the First 
National Bank of New York. The distance out from Galveston was approxi- 
mately 409 statute miles. Mr. Wilson is one of the soological collectors of the 
Laboratory and is thoroughly familiar with both species. He reports that 
with the above exception neither of the two species was seen either going to 
or coming from Galveston farther out than 18 miles from Bird Key (boats 
leaving Key West bound for Galveston pass within 4 miles of Bird Key). 
This attempted return of the sooty is quite remarkable in view of the fact that 
the direction which he had chosen was almost due east (the Mallory boats 
steam due east and west on these trips for a large part of the way). 

Even up to June 11 we had hopes that some of these birds would return, 

but on that day a heavy and continuous wind set in f rmn the south against 

them, which finally ended in a storm against which no bird on the open water 

could contend. As the Galveston birds which we did get to return on our 

second attempt required about 6 to 11 days (see p. 58), it is probable that the 

birds on this first release were overtaken by the storm before they reached 

Bird Key. 

THE FIRST MOBILE TRIP. 

On Friday, June 3, 1910, we captured 7 noddies and 7 sooties, which were 

sent to Key West on the VeUela at daybreak June 4. They were marked as 

shown in table 15. 

Table 15. 

Sooty: 

No. 1. Orange, croos on breast. 

2. Orange, one vertieal line on breast. 

3. Orange, one horisontal bar on breast. 

4. Orange, splotobed breast. 
6. Orange, solid breast. 

6. Orange, left half neok and breast. 

7. Orange, right half neck and breast. 

Noddy: 

No. 1. Bright greenidi yeUow, cross on head. 

2. Bright greenish yellow, one vertical line on head. 

3. Bright greenidi ydlow, one horisontal bar on head. 

4. Bright greenidi yellow, splotched head. 

5. Brii^t greenish ydlow, solid head. 

6. Bright greenidi yellow, left half head and left wing. 

7. Bright greenish yellow, right half head and right wing. 
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It was found impossible to purchase a supply of minnows and more than 
half the birds died before reaching Mobile. Those which reached Mobile 
alive were released on Thursday, Jime 9. The weather conditions were favor- 
able on the 9th and 10th. On the 11th a heavy wind set in which by night had 
veered around to the south, becoming a veritable wind-storm. On the 12th 
the storm from the south still continued. All day it was cloudy and windy. 
After this time we gave up hopes of the return of the birds. None appeared 
during the time of our stay at Bird Key. 

THE SECOND MOBILE TRIP. 

The birds were captured May 5, 1913. They were sent to Key West by 
the government tug Peoria at 8 p. m., May 6. On May 7, they were shipped 
from Key West by the Mailory Steamship Alamo, in charge of Dr. K. S. 
Lashley. They were marked with green as shown in Table 16. 

Table 16. 



No. 1. Right wing. 

2. Left wing. 

3. Both wings. 

4. Top of head. 
6. Breast. 

6. Breast and right wing. 



No. 7. Breast and left wing. 

8. Breast and top of head. 

9. Breast and both wings. 

10. Two horisontal lines across breast. 

11. Cross on breast. 

12. Two vertical lines on breast. 



As the care of the birds on board the boat is probably the most essential 
part of a successful experiment in homing, and as it has taken us some time to 
learn the proper methods of handling the birds, we give Mr. Lashley's report 
in full. It seems worth mentioning that it was not imtil this trip that we were 
able to get all of the birds to their destination in fair condition. 

NOTES OF MR. LASHLET ON THE CARE OF THE BIRDS DURING THE 

MOBILE TRIP. 

May 6: Arrived at Key West with birds in good condition. Wing and tail feathers a bit 
broken. Purchased a large fish and cut it up to feed the birds, since I was unable to 
get any large supply of minnows. Gave the birds salt water, with which they wet 
themselves badly. Placed two pieces of cut fish in water in each compartment for the 
birds to eat. I do not wish to use forced feeding unless necessary. If they have not 
taken the fish by morning I shall offer them minnows which I have obtained, using 
forced feeding wherever necessary. 

May 7, 10 a. m,: Each bird was offered minnows. Nos. 2 and 7 each ate 2. The others 
had to be forcibly fed. Birds are damp and badly frayed. The strips of large fish 
were not eaten by any of the birds. 

May 7, qftemoon: More minnows were offered; 2 were forced on each bird which did not 
eat of its own accord. Food records were kept separately. 

Leifi Key West May 7, U p, m.: Birds were loaded on top of deck house. Cage was closely 
hooded with canvas. 

May 8f 6 a. m.: Gave birds 6 minnows each. All but Nos. 3 and 9 ate without being forced. 
These two ate 2 minnows each and then refused. I forced 4 more on each at 10 o'clock 
and left 6 to 8 minnows in each compartment. Birds are keeping themselves clean. 

May 8, 4 P* m*' Birds fed again. Nos. 3 and 9 again refused and had to be forced. No. 3 
is more eager to escape than the others. 

May 10: Tampa was reached. Made 2 trips to Ballast Point in order to obtain minnows. 
Obtained only enough for one feeding. Birds ate them eagerly. On account of accident 
Alamo tied up until afternoon of May 11 for repairs. 

May It: Only a few minnows left and these not keeping very well. Obtained a large fish 
from the steward, but birds would not eat it; then gave them the rest of the minnows, 
about 15 each, exhausting the supply. This was at 11 o'clock. There was no food for 
them in the afternoon. For the last 3 days I have put no water in the cages. The 
birds come half way out (A the door to eat and so keep dry. They do not show the 
need of water and probably get enough with the fish to satisfy them. Nos. 3 and 9 
are recovering and seem to be in better condition than they were on Friday. 
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May IS: We reached the out^ harbor of Mobile late last night and anchored. Started in 
at 4 a. m. to-day. Watted until we were near land before releasing the birds. 
At 5^ 45" we passed a long island of dredged sand about 5 miles out from Mobile. I 
released the birds at this point. . The morning was bright and warm. Sim about 20** 
above the horison. Light wind from east. Ship steaming due north. Land to east- 
ward just visible. Sand bar 500 yards to west with land a couple of miles beyond. 

No. 1 released S^ 4S^: Feathers in good condition but damp; was frightened and flew off 
unprepared; alighted in water 100 yards from shore; arose instantly and flew on 
towards land; was attacked by laughing gulls; arose and flew away in a direction a 
little south of east, alighting aiul arising again frequ^itly. 

No, t reUaeed at S^ 66^ a, m.: Conditions the same. By this time No. 1 had disappeared. 
Released No. 2 from port side with head towards Und. Bird flew down from top of 
deck house towards water, then swerved in a direction a little south of east and flew 
n^idly and smoothly about 6 feet above the water. 

No. S released immediately c^ter No. £: Conditions the same. It overto(^ No. 2 and both 
disappeared, still flying and holding their eastern course. 

No. 4' Rftn about on deck for a short time, stretching wings; then took flight to starboard 
and took the same course as Nos. 2 and 3. 

No. 6: Drier and in better condition than the preceding birds. Ran about on deck for a 
minute. Took flight to westward, but immediately swerved around to east. 

No. 6: Not in best condition. No. 5 did not fly until No. 6 was released and No. 6 attempted 
to follow him immediately without preliminary wing stretching. It struck the rail and 
fell to the deck, but recovered itself quickly and followed No. 5. 

No. 7: On release stood on the roof of the deck house for 5 minutes, imtil after No. 9 took 
flight. Was dry and in good condition. Took flight from starboard to eastward 
with No. 10. 

No. 8: Good condition. Took flight from port side, swerving around to east. 

No. 9: In very poor condition. Damp and weak. Started to the westward, then flew to 
land. Made several false starts to eastward, returning to land. Was perched on a 
rock when I last saw it. 

No. 10: In fair condition, but damp and frayed. Started west, but swerved aroimd to east. 

No. 11: In the same ccmdition as preceding bird. Went off with it and was joined by No. 7. 

No. 1$: Dry and in good condition; turned eastward immediately. 

None oi the birds rose above the top of the deck house before taking flight. The 
direction finally taken by all was the same, although they were released in three groups 
which were, I believe, not visible to one another. No. 1 was the only one which went 
into the water, and this was due to some extent to the attack of the gulls. None of the 
others was attacked. After the preliminary movements they all flew low, not over 
3 to 6 feet above the water. All were flying strongly when last seen. 

Table 17 shows the number of minnows eaten during the Mobile trip. 

Table 17. — Number of minnows eaten on trip to Mobile. 



No. of bird. 


Wed. 


Thur. 


Fri. 


Sat. 


Sun. 


Men. 


Total. 






















ft. m. 


p. m. 


a. m. 


p. m. 


a. m. 


p. m. 


M. 




1 


♦3 


♦4 


10 


9 


10 


5 


7 


5 


15 


68 


2 


3 


3 


10 


8 


8 


4 


5 


5 


15 


61 


3 


3 


3 


10 


♦9 





•5 


3 


5 


15 


53 


4 


3 


3 


10 


5 


9 




7 


5 


15 


61 


5 


3 


3 


10 


7 


10 




7 


5 


15 


64 


6 


4 


3 


10 


9 


10 




7 


5 


15 


67 


7 


8 


2 


12 


10 


8 




7 


5 


15 


74 


8 


3 


2 


7 


11 


8 




7 


5 


15 


62 


9 


3 


3 


5 


•3 





•6 


5 


5 


♦16 


44 


10 


3 


3 


10 


3 


11 




7 


5 


15 


61 


11 


10 


3 


10 


10 


10 




8 


5 


15 


75 


12 


4 


3 


7 


9 


10 




9 


5 


15 


66 



♦Forcibly fed. 
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BIRD KEY NOTES ON THE RETURNS FROM THE SECOND MOBILE TRIP. 

On May 20 bird No. 2 returned, probably in the night of May 19, since it 
was observed at 7^ 30* a. m. The marking was not erased in any way. The 
mate had deserted the nest. The marked bird was found sitting on a limb 
within 3 feet of the nest and was noticed near it for 3 days, usually sitting on a 
nearby limb. The egg and nest were not taken until the afternoon of May 23; 
then we saw the marked bird (a male) for the first time on the nest. The time 
required for return was about 7 days. This is the only bird which we ever 
observed returning from the trip. 

The location of the nests was unfortunate. They were nearly all flat on the 
ground, the nesting material being placed in the grass. The grass grew rap- 
idly and in a few days it was difficult to locate the nests. Furthermore, the 
rats took the eggs the moment the O's began to go for food. We replaced the 
eggs many, many times from nearby nests, but the rats robbed them so con- 
sistently that the O's, after a very few days, all deserted. This choice of the 
noddy nests was unfortunate frmn another side as well. Even when the nest is 
deserted or destroyed the occupants of the nest will often sit on limbs near 
the nesting place. On account of the absence of bushes near the nests of the 
Mobile birds, it would have been difficult to have located the birds had they 
returned. It must be said that on account ol these difficulties we redoubled 
our efforts to locate the birds, sometimes sitting near the nests for 3 or 4 
hours without leaving. 

THE SECOND GALVESTON FUGHT. 

Twelve noddies and 12 sooties were ciH[>tured on Bird Key at 2 p. m., 
Mi^ 15, 1913, and were left there that ni^t. The numbers and marirings 
of the birds are given in table 18. 



Red, dftb OD throat. 
Red, dftb OD ImmL 
Red, dab od rii^t wing. 
Red, dab on left wing. 
Red, dab on breast. 
Red, dab on both wincik 
Red, twodabeon back of 
Red, two dabe on breast. 
Red, throat and li^t wine. 
Red, throat and left wing. 
Red, head and left wing. 
Red, head and ri^t wing. 



On Mi^ 16 they w»e tak»i to Key West on the Anion Dokm. On May 17 
the birds were put on board the Mallory frd^^t steamor San Marcos. Mr. 
Ladiley's record of the care of the birds on the trip and their bdiavior 
release" follows: 





TablbIS. 


8oo|y: 




Noddy: 


No. 1. 


Red, dab oo throat. 


No. 13. 


2. 


Red, dab on head. 


14. 


3. 


Red, dab oo light wing. 


15. 


4. 


Red, dab oo left wing. 


16. 


6. 


Red, daboo breast. 


17. 


6. 


Red, dab on both wings. 


18. 


7. 


Red, two dabs on nedL. 


19. 


S. 


Red, two dabs on breast. 


ao. 


9. 


Red, throat and li^t wing. 


21. 


10. 


Red, throat and left wing. 


22. 


11. 


Red, head and left wing. 


23. 


13. 


Red, head and li^t wing. 


24. 



TWe firat food was girea on May 17; 3 miniMms mA were girea by fdroed lesdiag. RtMii 
this tow OB the feedtiag was oontimiod as ahowB in table 19. It will be aeeo thai on the 
of the I9th ao food wm takea. Food wm plaoed io the cases to see if the 
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birda would eat of their own accord; it was not eaten. On the wh(^ trip only 3 birds 
learned to eat of their own accord. The others were fed entirely by forcing. We give the 
table below in order that the future investigator may know (1) that the birds may reach 
their destination in good condition when forced feeding has to be resorted to, and (2) 
because it will enable the investigator to know the number of minnows, etc., required to 
maintain metabolism. 









Table 19.—. 


Food record an 


the GdbeMontrip. 










Birds. 


May 18. 


May 19. 


May 20. 


May 21. 


May 22. 


May 23. 


May 24. 


Total 

• 






























mmDOws 




aoD. 


p.m. 


a.m. 


p.m. 


a.m. 


p.m. 


a.m. 


p.m. 


aju. 


p.m. 


a.m. 


p.m. 


a.m. 


pjn. 


consumed. 


SooHe$, 
































No. 1 


3 










4 






3 


6 


2 


3 


5 


10 


6 






35 


2 


3 


4 


3 




6 






6 


13 


9 


10 


10 


13 


9 






86 


3 


3 


2 


3 




7 






3 


6 


6 


5 


5 


10 


6 






62 


4 


3 


3 


3 




6 






3 


6 


6 


6 


6 


10 


5 






64 


5 


3 


3 


3 




6 






10 


14 


10 


10 


10 


12 


9 






90 


6 


3 


3 


3 




6 






3 


6 


6 


6 


6 


10 


6 






63 


7 


3 


3 


• • 




6 






3 


5 


1 


« « 












21 


8 


3 


3 


1 




5 






9 


8 


10 


• • 












39 


9 


3 


3 







1 






4 


6 

















16 


10 


3 


3 


1 




6 






5 


6 


2 














24 


11 


3 


3 







4 






3 


6 


5 














26 


12 


3 


3 







6 






3 


6 


1 














21 


Noddies 
































No. 13 


3 


3 







6 






3 


6 


6 


6 


6 


10 


6 




60 


14 


3 


3 


3 




6 






3 


5 


6 


6 


5 


6 


5 




49 


16 


3 


3 


3 




6 






3 


6 


6 


6 


5 


10 


6 




63 


16 


3 


3 


3 




6 






3 


6 


6 


6 


6 


10 


6 




63 


17 


3 


3 


3 




6 






3 


6 


6 


6 










33 


18 


3 


4 


3 




6 






3 


6 


6 


6 










36 


19 


3 


3 


3 




6 






3 


7 


6 












31 


20 


3 


3 


3 




6 






3 


5 


6 












28 


21 


3 


3 


3 




6 






4 


6 


6 












29 


22 


3 


3 


3 




6 






3 


6 


6 












29 


23 


3 


3 


3 




6 






4 


6 


4 












29 


24 


3 


3 


3 




6 






3 


6 


6 
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^Offered food, but would not eat. 

The cages were kept in what had been the dming saloon of the ship (the 
San Marcos was formerly a Mallory passenger and freight boat; it had been 
converted entirely into a freighter). The canvas hoods of the cages were kept 
closed, except at feeding time, so that the birds had practically no chance to 
see anything which would give them their bearings. The following is a record 
of the releases en route to Galveston and at Galveston; the behavior of the 
birds on release follows: 

May 90: Two birds rdeased at night. Nos. 19 and 23 were selected as the best fed of the 
lot. No. 19 had 31 fish in all; 7 of them at 4 p. m. and 6 at 7 p. m. No. 23 had had 
29 fish in all; 6 at 4 p. m. and 4 at 7 p. m. Both birds were in excellent condition, 
perfectly dry and dean. The tips of their wings were frayed for half an inch and the 
two lateral feathers of the taiL No. 23 was most active and the strongest of the 
noddies. It had never eaten of its 0¥m accord. No. 19 began to eat, without forcing, 
the day of release. The birds were released at 8^ 46" ship time, and after all traces 
of sun had gone. The ship was headed a little norUi of west. The smoke was carried 
forward from the stadc, which meant that there was a more than 10-mile breese from 
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the east (against the birds). The sky was slightly clouded but not hidden. The ship 
was 372 knots from Key West and 220 from the nearest mainland, 88° west longitude 
and 26"* 4' north latitude, steaming almost due west. Both birds were placed upon the 
roof of the after-deck house. No. 19 was frightened and flew away at (woe. No. 23 
refused to fly, vomited up its fish, plumed itself, and settled itself down on the roof, 
i^parently for the night. I climbed up on the roof, whereupon it took fright. Both 
birds started to the northward and were lost sight of inmiediately. 

Strange to say, No. 23, after a time, came back on board the ship and was captured 
by (me oi the sailors at 9 p. m. I examined the bird and found it dry and uninjured 
and released it again to the northward. About an hour later it came back on board 
again. It was frightened off by a sailor, but returned 10 minutes later. I decided to 
let the bird have its way and find out how far it would follow the ship. Remained on 
the deck until 7 in the morning, then flew eastward, alighting in the water half a mile 
from the ship. At this time the ship was 500 knots from Key West. 

May SI, 8 a, m.: Released 4 noddies, Nos. 20, 21, 22, 24, and 6 Booties, Nos. 7, 8, 9, 10, 11, 12. 
The Booties all took flight at once. No. 12 first, when released, flew due east. The 
others went to the northeast, flying strongly. No 11 went down into the water. The 
noddies showed a tendency to hang around the decks, but finally all dropped astern and 
alighted in the water. The birds on release were aU dry. The breasts and tail feathers 
of the Booties were badly soiled, but not caked with excrement. The tips of their wings 
were broken for half an inch and the lateral leathers of the tail were broken off in most 
cases. The day was clear, with a light brees4 from the south. The position of the ship 
was as follows: 520 knots from Key West, 240 knots from Galveston, latitude 27° 52' 
north, longitude 90° 3' west. 

May tl, 7 p, m,: Released two noddies, Nos. 17 and 18. The sky was completely overcast. 
A little wind. Both went astern and settled in the water. Heavy rains set in during 
the night and continued steadily during May 22. This unquestionably gave the birds 
a much harder task to acoompMi than was ever put upon a homing bird before. 

May 23: Clear morning with strong wind from east. San Marcos lying at wharf. Small 
sand island half a mile to northward. Fed remaining birds and turned them loose on 
dedc. All were dry and clean and seemed to be in good health. Fed as shown in 
table 19. No. 13 was released first at 5*^ 30°> a. m. It flew down to the sand island and 
alighted. The others sat on the deck for some time. The Booties then took flight, aU 
reaching the sand island. The remaining 3 noddies flew down to the water and bc^n 
to wallow in it near to the ship. They then arose and began to fly, flying with some 
gulls. At 7 a. m. they were still fishing and flying strongly and at that time were lost 
sight of to the westwfuxl. The 3 noddies, Nos. 14, 15, and 16, were observed again at 
12^ 50" p. m., fishing from the Mallory dock. Their flights were short, not m(»e than 
800 yards. They sat on the dock a good part oi the time. The birds were lost sigjit 
of soon after the above record was taken and were not seen again. 

RETURNS TO BIRD KEY FROM THE SECOND GALVESTON FLIGHT. 

The record of the returns of these birds to Bird Key is given below in the 
form of field notes. The nests were observed several times each day. EiV^ery 
effort was made to keep the nests in good condition, to drive out strange birds, 
etc. We had been especially fortunate in choosing our locality; the nests 
were not molested very much by rats, gulls, and other enemies of the birds. 

May 26: Noddy No. 22* was noted on the nest at 5*^ 15™ a. m. Evidently the bird had 
returned the afternoon of the 23d in good condition. Took nest and began habit of 
sitter. Mate on nearby limb. This mate had not been any too faithful. 

May 26: Sooty No. 9 noted on the nest at 2^ 45™ p. m.; might have arrived eariier in the 
day, since I was at Loggerhead from 9 a. m. to 2*^ 45™ p. m. Bird in splendid condi- 
tion. Red markings showed easily and clearly. Was sitting egg eagerly. 

*Refer to Lashley's notes (p. 54) for time of release* weather conditioDs at time of release, dis- 
tance from Bird Kc^, etc. The numbers of the birds given here are the same as those in Lashley *8 
notes. 
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May tS: Noddy No. 20 noted at 10^ 30» a. m.; was on limb near nest. Evidently had 
returned some time earlier in the morning. Poor condition. Seemed tired and worn. 
After a few days' rest bird began regular nesting activities. 

May t7: Sooty No. 8 noted at 5** 30" a. m., in good condition; took nest and sat on egg. 

May 27: Sooty No. 10 noted at 5^ 30" a. m., in good condition; was sitting egg when noted. 

May t7: Noddy No. 24 returned at 12*^ 14" p. m., very tired; took nest and was on nest 
when observed. Feathers in good condition. After a few days of rest normal nesting 
activities were resumed. 

May 28: Sooty No. 12 found on egg at 9 a. m., in good condition; seemed quite fresh; was 
eagerly tending egg. 

May 29: Sooty No. 11 on nest at 5 a. m., covering egg eagerly; condition good. This bird 
was very fierce when captured; had lost none of its fierceness; stood ground while I 
came up to the nest; mate not on hand. R must have come back at night, as it was 
not there at dark on the day before. 

May 29: Sooty No. 1 noted on nest at 7*^ 30" a. m., in good condition; not sitting on egg; 
mate had deserted egg several days before. 

May SO: Sooty No. 5 noted on nest at 11^ 35" a. m., in good condition; sitting on egg. 

June 2: Noddy No. 18 noted near nest at 8 a. m.; did not take nest; discovered by accident. 
The mate had been away, or rather idly sitting by, for several days. To-day and 
yesterday O had been on the nest more than usual. This aroused my suspicions, so 
I made a more thorough search. The bird seemed tired; did not fly away from limb 
as I approached, as rested birds always do. Possibly it did not return until to-day. 

June ^: Noddy No. 14 noted near nest at 5 a. m. in fine condition; marking very clear; did 
not take nest at first, since nest mate was on. Yesterday I had decided that this nest 
had been deserted by O. I had often seen O nearby, flirting with a strange bird. 
Yesterday morning was actually taking food from strange bird in the nest. This 
morning both these birds were on and refused to let the marked bird on the nest; 
interesting to see if nest can be reMabltahed. (R fought with the intruder for several 
days to get poeession of the nest, but nesting relations were never resumed between 
R and O.) 

June 7: Noddy No. 17 noted on nest at 7^ 30" p. m. Bird probably had been back since 
Jime 5. Marking on breast had almost disappeared; hence my failure to note. This 
morning when I went out both birds were at the nest. This caused thorough examina- 
tion, with the result that the marking was clearly recognised. Both were tending the 
nest. O had been very faithful all during R's absence. 

The results of the second Galveston trip are put in convenient form in 
tables 20 and 21. 

Table 20. 



Date. 


No. of birds released. 


Distance from 
Key West (in 
statute miles). 


Returned. 


May 20. S^" 45" p. m. 

May 21. 8 a. m 

May 21, 7 p. m. 

(dark, rainy night). 
May23. 5^30"a. m. 


2 (both noddies) 

10 (6 Booties. 4 noddies) . . 
2 (both noddies) 

10 (4 noddies. 6 aooties) . . 


418 
585 
720 

855 


None. 

8 (3 noddies. 5 Booties). 

2 

3 (1 noddy. 2 Booties). 



The Galveston-Tortugas flight is deserving of some comment, as it shows the 
remarkable homing ability of these birds. It was not until this final trip that 
the conditions for caring for the terns approached those which are maintained 
for the homing pigeon. Ei\ren upon this trip the mistake was made of making 
the compartment too small. This tended to fray the feathers of the birds in 
such a way that the birds were probably somewhat hampered in their long 
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homeward flight. That more birds did not return from Galveston harbor 
is not to be wondered at when we consider the number of hawks which line the 
Texas shores. Our birds reached there tired out and probably remained on 
the shore for a time to rest; they would have made easy victims for birds of 
prey. It is probable that the hawks are in part to blame for the poor results 
we obtained from the Mobile flights.* 

Table 21. — Time reqtdredfor rettum {indiiridual birds). 



585-iiule release. 


720-mile release. 


865-iDile release. 


No. 8,5d. 6ih. 
No. 9,4d. 6 h. 
No. 10, 5 d. 21 h. 
No. 11, 7 d. 21 h. 
No. 12.7 d. 1 h. 
No.20.5d. 21 h. 
No. 22, 3d. 22 h. 
No. 24.6 d. 4ih. 


No. 17, 17 d. 2 h. 
No. 18. lid. 13 h. 


No. 1. 6d. 2 h. 
No. 6, 7d. 6 h. 
No. 14. 11 d. 23) h. 





It would seem from all these experiments that where proper conditions are 
maintained the noddy and sooty can home from almost any distance up to 
at least 1,000 miles. Furthermore, the territory over which they take their 
flight i^parently may be barren of any visual objects to which they previously 
may have established habits. 

*1d future experiments we suggest that they be released not less than 60 miles Irom any land. 
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BEAiUNG OF TH^ IVESEl^ SnJDIES UPON lie GEM^ 

OF HOMING 

We shall not here attempt to summarize our results in detail, but in the 
present volume there are two other papers (see p. 61 and p. 87) which throw 
some light upon the problem of distant orientation. We shall incorporate the 
main results of these papers with the results obtained from the present study 
and trace the bearing of the whole series upon the general problem of homing. 

(1) Lashley (p. 61) has shown that the problems of proximate orientation 
are relatively simple and straightforward. On the island of Bird Key the 
terns make their adjustment to the nest, mate, young, etc., on the basis largely 
of visual habits. Kinesthetic habits are involved, but to a less extent. 
There b no evidence of any remarkable or unusual sensitivity, nor of the 
functioning of any hypothetical sense-organ. 

(2) The present paper seems to call for a separation between proximate 
orientation and distant orientation. We have never in the work on the hom- 
ing pigeon been able to obtain suflScient evidence to reach such a conclusion. 
This arises from the fact that the pigeon has always been trained over a large 
part of its route. Such training allows the formation of numerous visual 
habits; hence all orientation may be looked upon as being of the proximate 
kind (we do not affirm such to be the case, however). The work at Tortugas, 
on the other hand, has placed us squarely before the problem (to take the 
limiting case) of accounting for the return of an untrained bird from a distance 
of 800 to 1,000 miles over a body of water which apparently can not o£Fer any 
basis for controlling flight direction. 

Note. — ^Two suggestions kxdung toward a ample ezplaoation of the homeward flight of 
the terns have been made: (1) that the Hatteras birds simply followed the coastline bade 
to Key West, from which point they couki see (7) Tortugas, and further, that they followed 
the ooast-line south rather than north by reason of the fact that the f onner direction led 
them into wanner regions, which they instinctively seek; (2) that the Galveston birds and 
those released en ratUe were aided by a wdl-maiked water^urrent which sweeps around the 
coast of Texas, Louisiana, Alabama, Florida, and out past Tortugas throui^ the Straits of 
Florida. This main currant differs in color both from the surrounding and more stationary 
water, and from the return current, f^iich runs nearer the coast line. We are indebted to 
Dr. W. J. Humphresrs for the latter suggestion. Interesting as these suggestions are, it re- 
mains to be said that the explanation offered by (1) does not bear at all upon the more difiS- 
cult Galveston flight. Dr. Humphresrs' suggestion (2) meets with difficulty when we remem- 
ber that some of the (successful) birds were released at ni|^t and that all of the birds were 
out from 4 to 20 ni|^ts. Furthermore, they had to win their way through rain, hase, and 
cloudy weather. Nor were all the birds which returned released at Galveston. They home 
equally well, no matter at what point between Galveston and Tcnrtugas they are put down. 
Then, too, the difference in brightness or color between the current in question and the 
surrounding water depends largely upon the position of the sun with respect to the observer. 
AniMunently the birds flew steadily (tigiagging, of course, for food) from morning to night 
(if not throui^ the night), and during only a part of this time would the sun have a position 
such that the current could offer a difference in color or in white value. Even granting the 
existence of sudi data, the question as to why the bird follows the current towards the Straits 
of Florida rather than in the opposite direoticm is pertinent. There can be no question of 
any pennanent temperature differences among these regions during May and June, nor 
can ihem be any question of chance, ^^len the whole group of birds is considered. 

(3) Mathematical considerations show that at such distances the goal 
can not possibly (directly) visually stimulate the bird, even granting absolute 
visual acuity and complete absence of base, etc. The vertical height to which 
the bird would have to fly in order to overcome the sphericity of the earth is 
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80 great that there could be no question of direct visual stimulation offered by 
the goal (which in this case we may consider to be the lighthouse, 151 feet in 
height) at distances greater than 100 miles (probably far less than this when 
we consider the fact that there is a continuous haze over the water). Even 
at 100 miles the bird must fly to a height of 0.9 mile in order to receive the 
light rays reflected from the goal. 

(4) We have shown that the hazardous speculation of Duch&tel, which was 
designed to overcome the diflSculties of the visual h3rpothesis discussed in 
(3), is without foundation in fact. The investigation reported on page 87, 
on the limits of spectral sensitivity in birds, shows clearly that neither the 
chick nor the pigeon is sensitive to infra-luminous rays. Fiuthermore, it was 
shown that the retina of the chick (and incidental confirmation has been found 
in tests on the pigeon) is probably less efficient in responding to monochro- 
matic light of low intensity than the retina of the human being. The single 
exception to this statement is to be found in the extreme red, where the retina 
of the chick is slightly more sensitive than man's. If these facts are considered 
in connection with Johnson's work, which shows that visual acuity in the 
chick is far less than in man, we may very well accept with caution the popular 
view concerning the perfection of the organ of vision in birds. 

(5) Our work has shown fiuther, in the terns at least, that there is no special 
Sptlrsinn — special tactual or olfactory mechanism situated in the nasal cavity 
which may function in homing. 

Our contributions are admitted to be n^ative in character. The difficulty 
of explaining homing by current theories is seen to be great, but, while admit- 
ting this, we do not suggest the assumption of some new and mysterious sense. 
The task of explaining distant orientation is an experimental one, which must 
yield positive results as soon as proper methods are at hand. Two lines of 
investigation offer hopeful results: 

(a) The rearing of homing pigeons in a c6te which is covered by a tent suf- 
ficiently large to offer the birds wing practice and to make proximate adjust- 
ments to their cdte. Birds reared under such conditions may be sent out for 
a test of the possibUity of homing in an untrained animal. After shipping the 
birds the tent which covers the c6te could be removed. If they returned to 
the neighborhood the visual stimulus offered by the cdte would arouse the old 
habit of entering it, etc. 

(b) The same possibility is offered on a smaller scale by a slightly similar 
method. We could rear the birds in a wire-covered yard attached to a c6te; 
then, as was done by Hachet-Souplet with the birds living in the traveling 
cdtes (an experiment which certainly ought to be confirmed), we could tether 
individual birds to the top of the cdte by cords which would permit a view 
only of the neighborhood immediately surrounding the cdte. These birds would 
next be sent into a region which could not have stimulated their vision previ- 
ously. Again, if the birds effected a return to the neighborhood of the cdte, 
they would resume their old habits. 

With these experiments upon homing, work upon the sensory equipment of 
the homing pigeon should be carried on. It is just possible that these animals 
possess on certain parts of the body (eye-lids, ear covering, oral cavity, etc.) 
sensitive tactual and thermal mechanisms which may assist them in reacting 
to slight differences in pressure, temperature, and humidity of air columns. 



Fig. I . Nodtiy not taggnl. Fout horizonul bin ire paioled id oil acroH the bird'i head. 
Fig. 2. Sooty nm lagged. Large daub ol oil paint i> placed oo the bird'i white neck. 
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NOTES ON THE NESTING ACTIVITIES OF THE NODDY 

AND SOOTY TERNS. 

By K. S. Labhuet. 

ORIENTATION IN THE NEST LOCALITY. 

In the report of his extensive studies of the activities of the noddy and 
sooty terns* Watson raises the question of the method by which the birds 
recognise their nests and young and records the results of a few experiments 
bearing upon the problem. The terns breed in great numbers upon Bird Key, 
an island in the Tortugas group somewhat less than 5 acres in area. Their 
nests, of which there were more than 10,000 in 1908, are in may cases closely 
crowded together, as many as 30 sooty nests being found in an area of 100 
square feet, and the nests and eggs are almost indistinguishable to the himian 
observer. Indeed, the island suggests a city of 10,000 houses, all much alike, 
unnumbered and set down at random, without streets or definite landmarks. 
The birds choose their own nests, without error, from among hundreds of 
similar ones, and under normal conditions never show the slightest hesitation 
in making their choice. 

In testing the sensory factors involved in nest recognition, Watson found 
that he might change the appearance of the nest and egg without disturbing 
the birds in the least. Very great changes in the appearance of objects near 
the nest did not alter the quickness and accuracy of orientation. When, how- 
ever, the slightest alteration was made in the horizontal position of the nest, 
when it was moved only a few inches to one side, the birds were much confused, 
refused to occupy the nest in its new position, and reacted positively to the 
original nest site even when no trace of the original nest remained. Many 
observations of such behavior led Watson to conclude: 

In the case of both the nodd> and the sooty, the nest locality is the important factor, the 
nest iteelf being reacted to by virtue of its location within this locality. Since environment 
can be greatly changed without altering the bird's accurate adjustment to the nest, it is 
evident that if the adjustment is made in terms of visual data, the visual environment whidi 
serves as the stimulus must be complex and have a wide extension. I am not prepared to 
admit, from the above experiments, that adjustment takes place in terms of vision alone. 

In view of the remarkable ability of the terns to return to their nests from 
great distances the problem of the sensory factors involved in their recognition 
of the nest locality and orientation in the neighborhood of Bird Key becomes 
of considerable importance as offering a possible aid to the understanding of 
more distant orientation. 

At the suggestion of Professor Watson I attempted to gain further evidence 
upon the problem of proximate orientation in the terns during a six weeks' 
residence on Bird Key. The work has not furnished any clue to the mechan- 
ism of distant orientation, but the details of the birds' behavior in finding and 

*JohD B. Watson. The Behavior of the Noddy and Sooty Terns. Papers from the Tortugas 
Laboratory of the Carnegie InstituUon of Washington, Pubhcation 103, 1908. In this is 
included a general description of the activities of the tenis during the nesting season. The 
reader is referred to the paper for figures of the birds at different ages and for a more complete 
description of the behavior of the birds at different times during the nesting season than is 
given here. 
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recf^^mzing their nests seem worth receding as eMemj^yiDg the extremely 
Gomplicat€d habit-syBtems which wild luumtUs may devek^ onder a normal 
environment, and, also, as showing that, whatew the mechanism (rf distant 
orientation may be, proximate orientation is readily explainaMe in tenns of 
visual and kinnsthetic habite. 

I wish to express my indebtedness to ProfeaBw Watsra for much helpful 
suggestion and cooperation in the work, and to Dr. Alfred G. May», of (be 
Carnegie Instituticm of Waahington, for his fc-iTwtwM in placing the facilities 
of the Marine Biological Laboratory at my disposal. 

Plate 7, figs. 1 and 2, show roughly the character of the nesting areas of 
the Booties and noddies. Detailed descriptions of the nests and eggs have been 
given by previous writers, and the following bri^ notes are included only for 
the sake of a clearer presentation of the experimental ccmtrfri of orientation. 

The nest of the sooty consists usually of a shallow d^ressiiHi in the sand, of 
about the d^th and diameter of a large saucer. The birds hidlow it out by a 
sort of wallowing movement, turning around and around and pushing the sand 
away with their breasts. In this depreasuni a sio^ egg is laid. Rarely two 
eggs are found in a sinf^e nest, but whether both are laid by a sinf^e bird, or one 
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is stolen from a neighboring neat, is uncertain. In 1913 the greater number of 
sooty nests were made on the western end of the island. Their position and 
relative number are indicated by the stippling in figure 2. The nests of the 
noddies are loose masses of sticks piled among the branches of the low shrubs 
which cover the greater part of the island. They are frequently lined with bits 
of coral and shells, and, like the nests of the sooties, rarely cootain more than 
asinB^^g. 

The key upon which the nests are built is roughly triangular, about 500 yards 
in length and half as broad. Its principal features are shown in figure 2. 
Its greatest elevation is not more than 6 feet. The key was formerly over- 
grown thickly with bay cedars, but the greater number of these were killed 
by the hurricane of 1910 and only a few living cedars remain, for the most part 
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near the center and western end of the key. These grow to a height of 5 feet 
and make many irr^;ularities in the profile of the key which are probably 
important as landmarks for the birds. Where the bay cedars have been 
washed out the sand is covered by low fleshy herbs resembling the common 
tumble-weed. At the beginning of the nesting season large numbers of these 
weeds were torn up and piled along the beach to give the sooties nesting space 
in the center of the island. 

At the western end of the island are some buildings, the warden's house and 
the old detention hospital, which are the most conspicuous objects upon the 
island. The group of buildings is about 50 feet in length and has a maximum 
height of 15 feet. Three cocoanut palms (marked x in figure 2) grow near the 
buildings. The buildings, the palms, the clumps of bay cedars, and the piles 
of brush along the beach present extremely complex visual stimuli to the birds 
coming home from sea. Even at the most isolated nests the environment 
presents a countless number of possible visual stimuli and it is never practica- 
ble to control more than a very few of the stimuli which may be potent factors 
in the birds' orientation. Ixmg-continued study of a single nest is prevented 
by the fact that the birds soon become hopelessly confused by the changing 
conditions of the experiment and cease to react definitely to the nest or nest 
environment. The situation at every nest presents a distinct problem and in 
no case has it been possible to reconstruct the entire process of orientation 
from the data obtained at a single nest. The relation between particular 
stimuli and the orientation of different birds has been determined, and a com- 
bination of the results of observations at many nests gives a fairly complete 
picture of the mechanism of orientation in the immediate neighborhood of the 
keys. The experiments recorded in the following pages are t3rpical of a large 
number carried out at other nests and will serve to illustrate the chief phases in 
the recognition of the nest and nest site. 

EXPERIMENTS WITH SOOTIES. 

recognition of the nest site. 

The sooties become accustomed to the experimenter's presence very quickly 
and often become so tame as to interfere seriously with the experiments, refus- 
ing to be driven more than a few feet from the nest. After they have been 
disturbed a few times their return to the nest is very prompt. The accom- 
panying table gives the time elapsing from the moment when the brooding 
sooty was driven from the nest until it had again covered 
the egg. The time given is based upon the average of 6 
birds during 5 successive trials at intervab of 5 minutes. 
The average time which a tame sooty requires to rise from 
the nest, fly 15 or 20 yards and return, is 12 seconds. This 
is not appreciably changed by the substitution of a strange 
egg for the one in the nest, or by the filling in or remodel- 
ing of the nest by the experimenter, so long as the egg re- 
mains in nearly its original position. A very slight change 
in the lateral position of the egg, however, causes a very 
great increase in the time required by the bird to return to the nest and b^in 
to brood the egg. In adjusting to such changes the sooties show a very accu- 
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Time 
(seconds). 


No. 1 
2 
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4 
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56 
25 
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18 
12 
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rate localization of the original position of the nest, even when all traces of it 
have been completely obliterated. The following notes give a description 
of a t3rpical instance of adjustment to a lateral displacement of the egg. 

EXPBBIMBNT 1. 

10^ 50^ a. m, 1 drove a sooty from her nest, obliterated the nest, and made a new one 
with a noddy egg in the same place. In 1 minute the bird returned and in 2 minutes covered 
the egg, after driving away two trespassers. 

10^ SS^. I obliterated the old nest and made a new one, 1 foot south of the first position. 
The bird alighted at the old nest and turned around as if to adjust the egg. She then caught 
sight of the egg in its new position and went over to the new nest, then returned to the old 
one. She then made 4 more trips back and forth between the new nest and the original nest 
site, and finally settled down at the latter, hollowing out the sand to form a shallow nest. 
After a minute she went to the egg, adjusted it, and settled down on it. Another sooty 
attacked her and she drew back from the egg without defending it, looking back to the old 
nest site. She next went to the old nest, then back to the egg, which she covered for 30 
seconds. After one more trip to the old nest she seemed reconciled to the egg in the new 
position. The total time required for this readjustment was 10 minutes. 

11^ 6^. I drove her away again. She returned in 1 minute, alighted between the first 
nest position and the new one, went first to the egg, then to the old nest site, then back to 
brood the egg. Two minutes later she paid a brief visit to the old nest. 

11^ 10^, Driven away again, the bird alighted near the old nest site and ran directly to 
the egg. After 30 seconds she visited the old nest site, and again after 2 minutes. She was 
driven away 6 times during the next half hour and at the end of this time showed an almost 
perfect adjustment to the changed ccmditions, returning to the egg in 15 seconds. The egg 
was then returned to its original position. The bird accepted it at once and paid not the 
slightest attention to the new nest which she had just been occupying. 

In this case the substitution of noddy egg and artificial nest for the original 
egg and nest did not affect the bird's reaction in the least. 

Experhobnt 2. 

In another case the egg was taken from a nest, a piece of black cloth 3 feet square was 
spread over the nest, and the egg was replaced on top of the doth. The bird aUg^ted in a 
few seconds and walked immediately to the edge of the cloth. It showed a good bit of 
hesitation in stepping on the cloth, and walked around it, looking at the egg for many 
seconds. In less than a minute, however, it ventured upon the cloth, seemed to lose aU fear 
immediately, ran to the egg and covered it contentedly. The total time required for 
adjustment to the new situation was less than a minute. 

Other instances of similar indifference to the appearance of the nest and egg 
are recorded in later experiments and make it clear that, except under unusual 
conditions, the individual characters of the nes^ and egg do not play any 
important part in orientation. The birds react positively to any nest at the 
chosen site. In contrast to this the birds are almost always very greatly dis- 
turbed by a lateral displacement of the nest of only a few inches and react to 
the original nest site much as did the bird described in experiment 1. The 
time required for readjustment to such slight changes varies greatly with 
different birds, even under quite similar conditions. 

EXPBRIMBNT 3. 

The same birds whose average time of adjustment to disturbance is given on page 63 were 
used for a o(Hnpanson of the times of adjustment to a change in the position of the nest. 
The nests were similarly located in open, rather thickly populated areas, but so far apart 
that no two of the bhds under observation were disturbed at the same time. In each case 
the nest was obliterated, a new nest was constructed 1 foot from the old nest site in the 
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direction most free from othw nests, and the egg was placed in this artificial nest. The 
birds were allowed to find the new nest and settle down quietly over the egg each time 
before being frightened away again. Table 22 shows the time required by each bird to re- 
adjust to the new situation. The birds were driven away at intervals of 5 or more 
minutes. 

Tabub 22. 
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*Did not find egg in half an hour. fUndisturbed by change. 

In each case but one the birds were greatly confused by the change in the posi- 
tion of the nest and all showed a tendency to settle down at the original nest 
site. As it was clear that the nest itself was not the stimulus to the localiza- 
tion of this area, an attempt was made to control the immediate surroundings 
of the nest. The following experiments with objects near the nest give some 
insight into the mechanism of nest recognition: 

EXPBBIMBMT 4. 

In making their nests the sooties avoid the beach, very rarely going beyond the fringe of 
bushes whidi marks the highest tide level. A few nests were made, however, at some dis- 
tance from the bushes upon the sloping sand above high-tide mark. One of these cm the 
wes t ern shore, well removed from any other nest, was obliterated and rq;)laoed by two artifi- 
cial nests, one 6 inches to the east, the other 6 inches to the west of the original site. 
The egg from the original nest, idiich was rather light in color, was placed in the wes t ern 
nest and another, marked with dark blotches, in the eastern one. The sand sloped from 
east to west at about 15 degrees. 

Two minutes after these adjustments were made the sooty returned and, after inqieoting 
both nests, chose the strange egg in the eastern one (7^ 20* a.m.). Half a minute latw she 
got up, went over to the wes t ern nest, and covered it. Her mate came and examined the 
eastern nest. The first bird, attracted by his movements, went back to this nest and 
settled down there. Her mate then flew away. She soon became dissatisfied with the 
eastern nest and made several trips back and forth between the two. The visual stimulus 
of the unoccu|Hed nest seemed to furnish a stronger impulse than the tactual stimulus of 
the nest occupied. At 7^ 25* a. m. the bird stood for some time between the two nests, 
kxdung first at one, then at the other, and finally chose the eastern one. She was driven 
away, returned, and took the eastern nest. Half an hour later she was driven away again; 
she returned, again took the eastern nest, and paid no further attention to the other. 

The two nests were then obliterated and replaced by two others at the same distance from 
the original site, but now north and south of it. The bird returned and chose the southern 
nest, paying no attention to the other. Control tests showed that in this case the position 
of the observer did not influence the choice of the nest. 

One egg was then placed in the original position, the other in a new nest 3 inches to the 
eastward of this. The bird returned and chose the western nest, but soon left it for the 
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other. She was driven off five times and each time returned and took the eastern nest. 
As she always approached from the southeast it is probable that the direction of approach 
determined the choice. 

The western nest and egg were next moved 11 inches to the eastward, 8 inches farther 
from the original nest site than the former eastern nest, which was left undisturbed. The 
bird returned and took the new nest. The western nest was again shifted to the eastward. 
The bird returned and again iock the eastern nest. By shifting the two nests alternately 
it was possible to move them 4 feet to the eastward without confusing the bird. Each time 
she chose the eastern nest in preference to the former eastern one which she had just occupied. 
But when the nests were brought near the bushes the bird began to show signs of dissatis- 
faction, finally returned to the original nest site, and settled down there. After a time she 
got up and went back to the two nests. This time she covered the western one. The 
nests were then shifted, a foot at a time, to the westward, the bird each time choosing the 
western one, until they were near the water, 4 feet west of the original nest site. Here 
the bird again became dissatisfied and returned to her old nest. The eggs were finally 
placed 8 inches east of their first position and left for half an hour. At the end of this 
time the bird had rolled one of them to the original nest site and was brooding it there. 

In approaching the nest the bird always flew along the shore skirting the fringe of bushes, 
then alighted about 6 feet southeast of the nest and walked directly to it. At various times 
during Uie experiment she started from the alighting place straight toward the original nest 
site, but turned aside to the new nests before reaching the old position. The movements of 
her head indicated that she took her bearings from some object to the northward. What 
that was I could not discover. 

It was found here that recognition of a nest is to some extent dependent 
upon the relative positions of the nest and other objects in the neighborhood, 
in this case an artificial nest. Other factors not brought out by the experi- 
ment seem, however, to play a still more important part in orientation. The 
constant alighting place and path to the nest furnish a clue to other factors in 
orientation which appear more strikingly in other experiments. 

ExPBBUfBlfT 5. 

A nest in an open space (at a in figure 1, plate 7) near a short stake (/) was obliterated 
and replaced by two nests a foot impart. The bird chose the northern egg. Both eggs were 
moved a foot to the northward. The bird alighted and chose the northern egg without 
hesitation. Her mate came and covered the southern one. Both were driven off. The 
first returned and alighted at a place 4 feet to the eastward (9), then walked for 3 feet straight 
toward the <mginal position of the nest. When still a foot away she seemed to catch sight 
of the eggs in the new position, turned sharply from her course, and went straight to the 
northern egg (d). She soon became dissatisfied, went back to her alighting place (g), and 
returned to the northern nest, but this time directly. She then went to the southern nest 
(5), returned to the northern, and covered the egg. Her mate came back and again todc 
the southern nest. 

Both nests were again moved, with the stake, 2 feet to the northward. The first bird 
alighted as usual near the bushes (y), walked to the original nest site (a), looked about, 
and went directly to the new southern nest (c). Her mate came and walked about the old 
nest site. She got up and went to him, then returned to the nest. 

The stake was then moved back to its first position (a), the nests being left undisturbed 
in the northern position. The first bird came to her alighting place and started directly 
toward the new site, then seemed to catch sight of the stake and turned toward it, then 
back to the alighting place, toward the stake, back again to the alighting place, again toward 
the stake, then to another nest, where she seemed to get her bearings, toward the new nest, 
toward the alighting place, then finally to the new nest. The path followed is indicated in 
figure 3, and shows clearly the struggle between the motives offered by the sight of the 
stake and that of the egg. 

The egg and stake were next placed 2 feet south of their original position (at A, in figure 1, 
plate 7). The bird returned to her alighting place (y), looked about, and went straight to 
the new nest. The egg and stake were then moved to a position near the alighting place 
(e in figure 1, plate 7). The bird alighted 2 feet north of Uie stake, went to it, and covered 
the egg without hesitation. 
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The stake and egg were moved 2 feet to the westward (/) and another egg was placed 
where they had just been (a). The bird returned to her alighting place, examined the egg 
and stake (/), then covered the egg in the former position (e). She was driven cit and re- 
iumed to her fli ghting place immediate. Another bird alighted near the unmariLcd nest 
(e) and diqmted her possession of it, so she went to the egg by the stake and covered it. 
A moment later she got up and went back to the unmarked nest. The strange bird made 
way for her and she covered the egg there. This is the position in which she is shown in 
idate 7. It is in the direct line between the alighting place and the original site (a). The 
egg and stake were next placed between this g 

position and the original nest site. The bird con- 
tinued to occupy the unmarked nest. The egg 
and stake were returned to their original position, 
but the bird did not again take them. y^z) \ \ \ ? ^ 

This series of observations offers several 
interesting points: 

(1) In comparison with the sooties in 
crowded localities, the bird under obser- 
vation showed a remarkable plasticity. 

Attempts to duplicate the experiment in^ ^ u*,ij«.u 
crowded districts faUed completely. ^- t'^^^ti't^^''^icTZ 

(2) The constancy of the place at which moved away from the stake (a). The 

the bird alighted is very striking. How ^^^^'^ *? *^? ^/'"^ ^^^~^ "*^"^ 

. , . , *=*^ . "^ , Tj . t_ of the region ib shown. 

this place was recognized could not be 

determined, but it was near an open place in the bushes which offered many 
more visual criteria than did the immediate surroundings of the nest. The 
certainty with which the direction was taken from this position to the nest 
is also unexplained. It was to a certain extent independent of the appear- 
ance of the immediate vicinity of the nest. The question of orientation from 
the alighting place will be taken up later. 

(3) The relative force of the egg and stake in determining behavior gives 
some insight into the bird's habits with respect to the nest environment. 
The stake had been planted 2 weeks before to mark the site of another nest, 
at that time destroyed. In 2 weeks it came to occupy an important place in 
the bird's recognition of her nest, perhaps taking the place of the obliterated 
nest in her system of habits. That it was not the fundamental factor in locat- 
ing the nest is shown by the fact that after a few failures to reach the nest by 
going to the stake the bird paid little further attention to the latter. 

EXPBBIMBMT 6. 

A nest in a rather crowded area was diosen for this experiment. It was 8 inches north of 
a stake which had been planted a week before to mark another nest, and near the center of 
a triangle (figure 4), the northern side of whidi was formed by a line of very dense weeds 
(c), the western by a very dense clump of weeds (/) and the stem of a palm leaf (d), the 
southern side (o-y) being open. The stake shown in figure 4, at the ri^^t of the nest (5), 
was originally at h, 1 drove the bird from the nest— she cireled above the island and came 
back immediately, alighted 6 feet to the eastward of the nest, and walked almost straight 
to it (along the line a-b in the figure). This was repeated twice, her path in returning 
being each time the same. 

The stake at h was by far the most conspicuous object near the nest, and to test its effect 
upon the bird's reaction I moved it from its position south of the nest to an equal distance 
north of the nest. I also constructed a new nest, north of the stake at the position marked c. 
The relation between this nest and the stake was now the same as the relation of the 
nest at b and the stake had been before the change. The bird's own egg was placed in the 
nest (c) and a strange egg was placed in b. The bird returned by the path from a and took 
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its omi neflt at b ftfter some hesitation. The chanKe in the positioD of the stake was a dis- 
turbing factor, but was not sufficient to determine the choice of nests. 

The line of weeds forming the northern boundary of the triangle was next moved a foot 
to the northward. The bird returned by its customary path without the slightest hesita- 
tion. This landmait played no part whatever in orientation. 

The weeds were returned to their original position and the objects forming the western 
border of the triangle were moved a foot to the northward. lliiB brought the dump of 
weeds and palm leaf, originally at g aild /, to the position ^own in the figure. The bird 
alighted far to the south and passing around between A and e took the northon neat at e 
and settled down quietly. She was driven away and the palm leaf was returned to its 
original position, /. The bird returned and occupied the northern nest, e, for 5 minutes. 
She was again driven away and the clump of weeds was returned to its original position, g. 
The bird returned and took the southern nest, b, without hestitation. The leaf and weeds 
were moved back to d and /. The bird chose the northern site; they were returned to the 
southern position, the bird returned to the northern nest, adjusted the egg, got up, walked 
to the eoutheni nest, and covered the egg there. 



Fia. 4. — Environment of the neat deseribad in experiment S. 

The weeds were moved northward to /, the leaf was not disturbed. The bird chose the 
southern neat. The leaf was moved to the northward. The bird chose the northern nest. 
Leaf and weeds were moved to the southern poaitbn; the bird came to the northern neflt, 
hesitatedfor 30 seoonds, then chose the southern neet. This shift was repeated many times 
until it WM quite eerbun that the bird always took the same position with respect to the two 
objeota. Finally they were removed mtirely. The bird diowed signs of confusion, occupied 
the two neats alternately for several minutes, and finally settled down in the southern ne«t. 

The weeds to the northward were cleared away and the nest, b, was moved 18 inches to 
tiM northward of e, to a position at the extreme r^t of the figure. The leaf and weeds 
were likewise shifted to the northward, so that the original relations of the neet and two 
objects were now duplicated, nearly 3 feet from the original position. The bird returned 
and covered the southern egg at c; 3 minutes later she got up, went to the new nest, adjusted 
the egg, and covered it. I watched her for half an hour longer, during which time she 
nmained contentedly on the neat; 4 hours later her mate had returned and taken the 
southern nest, which he occupied during the whole of the fallowing day. 

From this rather long account it is clear that the final orieatation was deter- 
nuned wholly by the vwml stimulus of two objects in the neighborhood of the 
nest. Neither the palm leaf nor the clump of weeds alone was sufficient to 
determine the choice of the nest, but both tf^ther called forth a definite 
reaction, regardless of all other objects in the vicinity. 

Watson found that considerable changes could be made in the vertical posi- 
tion of the nest without affecting the bird's reaction in the slightest. His 
experiments have been repeated, but always with negative results. The fol- 
lowing notes illustrate the type of reaction obtained : 
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EXPSRIMENT 7. 

A nest near that deeoribed in experiment 5 was placed in a pan of sand, 1 foot square and 
2 inclies deep, so that it was raised 2 inches above its former level. The owner of the nest 
always alighted 6 feet to the eastward and walked by a somewhat zigzag path to the nest. 
When the pan of sand was first^ put in place she approached, ?^alked around it, and 
inspected it carefully. She next stopped, peered about in all directions, then stepped up 
to the higher level. She did not cover the egg, but walked about in the pan and finally 
backed over the edge and fell out. She spent some time standing near the pan, then stepped 
up on it again, and after 8 minutes covered the egg. Half an hour later she was driven away. 
I%e returned at once, spent 2 minutes in preening her feathers, then stepped up into the pan, 
and covered the egg immediately. 

The pan was next raised to a height of 6 inches from the ground. The bird returned to 
her itlighting place, walked toward the pan, hesitated, walked around it several times, but 
made no attempt in half an hour to get upon it. With the pan in this position she could not 
see the egg from the ground. The pan was then lowered to a height of 4 inches. The bird 
came from her alighting place to the pan, climbed into it with difficulty, putting one foot 
in it and fluttering up, and covered the egg in 2 minutes. The nest was left in this position 
until the following day, when the experiment was resumed. The bird was then driven oil 
several times and each time returned to her usual alighting place, walked to the edge of the 
pan, then fluttered up to the egg. The nest was raised to 5 inches and was taken immedi- 
ate^. It was next raised a foot from the ground. The bird walked around it for 5 minutes 
before flying up and covering the egg. It was left in this position for an hour and was then 
raised to a height of 2 feet. The bird returned to her alighting place, walked to the foot 
of the post sui^wrting the nest, and seemed very much puzzled by the new condition. She 
walked round and round the post, kxdung up at the nest, but in 10 minutes made no at- 
tempt to fly up to the pan. The pan was lowered to 6 inches and was occupied immediately. 

Tlie pan and its support were moved 3 feet to the westward and fixed at the same height. 
The bird came to the former nest site and wandered about for 10 minutes, but did not seem 
to see the nest in the new position. The nest was next moved 6 feet to ike eastward of its 
original position and fixed at the bird's alighting place. The bird came to the ground beside 
the nest and fluttered up and covered the egg immediately without a sign of dissatisfaction. 
The pan was returned to its first position and fixed at a height of 6 inches. It was accepted 
at cmce. 

Two days later the same bird was upon the nest. The egg had hatched in the meantime. 
The pan was raised to the top of a post 2 feet above the ground. The bird walked around 
the post for half an hour without seeming to lock up at all. She then flew away and was 
not seen for the remainder of the day. The next day she was again in the nest. When 
driven off she returned and alighted directly upon the nest. 

The pan was raised to a hdght of 5 feet. The bird came to the ground and walked 
around under the pan for several minutes, looking up. Then came the most interesting 
part of her entire series of reactions. She flew up to a height of 2 feet and went throuc^ the 
motions of alighting, just as though the pan were still at this height, then dropped back to the 
ground. She repeated this five times in exactly the same way, then walked about for a few 
minutes, kxdung up, and finally flew up to the pan and covered the nestling. She was 
frightened away again, returned to the ground, and flew up to the pan immediately. 

This experiment brings out three facts quite clearly. First, adjustment to 
changes in the height of the nest is not made any more readily than to changes 
in the horizontal position. Second, shifting the nest along the pathway toward 
the alighting place disturbs the birds less than a change in the position of the 
nest in any other direction. Third, there is strong tendency to replace visual 
motor reactions by habits based upon kinesthesia, resulting in reactions like 
those shown by the rat in the adjustable mase. 

Clearly, in all these experiments the birds were influenced to some extent in 
the recognition of their nests by visual objects in the immediate neighborhood. 
Such objects were other nests, debris which had been in place since the nest 
was made, and objects recently added to the situation. It appears that long 
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(amilifir objects influence orientation more than those added after the laying 
of the egg. The birds pay more attention to the nests of others than to any 
other class of objects. 

In the case of some other neste, particularly, those in crowded areas, I could 
find nothing in the immediate neighborhood of the nest which seemed to infiu- 
ence the birds' orientation. At one time a nest was shifted I foot from its 
origina) position and practically every object within a radius of 3 feet was 
moved for the same distance in the same direction. The sand in this area 
was smoothed out to change its appearance. Thus the original environment 
was duplicated with 1 foot lateral displacement. The bird came back to the 
position of the orignal nest, now completely obliterated, and gave nearly the 
same set of reactions as that of the bird described in experiment 1. In this 
case the recognition of the nest locality was upon the basis of some other 
stimulus than that provided by the immediate environment. The same was 
in part true of the nests described in experiments 4 and 5. 

THE ALIQBTINO PLACE. 

The clue to the method of orientation in such cases is given by the behavior 
of the bird described in experiment 5 in passing from her alighting place to 
the nest. It seemed that this bird took its direction from some objects at the 
alighting place and depended upon this place for re-orientation when con- 
fused by changes in the position of the nest. The following observations 
bring out the importance of the alighting place and the path from this to the 
nest. 

ExraaniBNT 8. 

At the edge of the beaoh two piles of brush were thrown together m auoh e. way u to leave 
a small ovMHUohed pnesage extending half way through between the piles and opetiing on 
the beaoh to the westward (t, figure S). A pair of Booties had their nest at the inner end 
of this passage. The bird studied alighted always at the southern end of the brush pile, 
walked around the aouthwestem oomn, where there was another neet (x), and then followed 
the western aide of the pile to the opening of the nest. The path was complicated by a dead 
bayeedai branch (v), which (aujeoted from the face of the pile and forced the bird to stoop 
and turn out to the left. He bud was seen to follow this path accurately in five nicoeasive 
tripe to the neat. I broke oS the branch and removed it, leaving a clear path from z to i. 
On the next two trips to the nest, Ihe bird uwnt Ihrmith exactly the mime movementt ^ tbtoping 
and turning mii vhiA had been requmd by the pmenof of lAe dead branch. 



Fio. S. — Neet enviionment deoeribed in experiment S. 

I. neet of Urd studied; z and o, other Dcatai 

II, braoch of bay-cedar bush. 

I moved the egg'out from under the brush to a point a foot west of its original position. 
The bird returned immediately and wrait to the former position of the neet. She was 
disturbed by the absence of the egg, came out slowly, and returned to the southwest comer 
of the brush pile. She looked at the nest there, then turned and ran quickly along her usual 
path to h» own nest. This was repeated four times. The bird's movements in going from 
the nest site to the corner of the brush pile had every appearanoe of hesitation and uncer- 
tainty, a mariced contrast to her behavior after she reached the point from which the 
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neighboring nest was visible. The sight of this nest soBined in every com to furnish the 
basis for orientation, for the bird always hastened back to her own nest after looking At the 
neighboring one. After 15 minutes she found the egg in its new position and soon covered 
it, toallappearaaceeBatieSed; 5 ntinutee later she was driven &way, returned to the southern 
end of the brush pile, and walked to the old nest site bythe customary path. She settled 
down in this position for a few minutes, then became diaeatisfied, want over to the egg, 
adjusted it, and covered it. 

The path from z to i was then blocked by piling brush at y. The bird alighted near the 
nest at x, started along the path, came to the pile of brush, and seemed to be comi^etely 
lost. She wandered about for a k>ng time and finally came to the nest (o) at the other end 
of the brush pile. She crawled into the brush and inspected this nest, then turned and 
scurried around to hei own nest at z as fast as she could run. Hie nest at o, like that at x, 
served as a landmark. 

Under normal conditions a neat near the alighting place furnished the bird a 
ctue to the direction of its own nest and the path to the latter was followed 
almost wholly by a series of kimestheticHnotor habits. The bird was able to 
re-orient from other visual stimuli when the usual method was prevented. 

EXPIBDOKT fi. 

An isolated nest upon the beach, just at the foot of a steep sand bank covered with dead 
bay-cedar bushes, was chosen for observation. The environment of the nest is shown 
roughly in figure 6. The nest was at the position moiked d. The brooding bird was driven 
off serool times and her return noted. She never alighted upon the beach, but always 
upon the top of the bank, among other nests, at a distance of more than 8 feet from her 
own (at a or b). From this point she walked to her nest, following a winding path about 
12 feet in length. This path led through a clump of weeds, straight down the face of the 
bank, around a dead bay-oedar bush, and along the foot of the bank for 4 feet to the nest. 
Along the path were five other nests, which ware always avoided carefully. These nests 
were on the face of the bank; there were no other nests at its foot. 



Moving the nest along the foot of the bonk for a distance of 2 feet in either direoticHk did 
not seeon to affect the bird's behavior in the least. A piece <d canvas was placed agftinst 
the face erf the bank so as to cover the bird's path from the top to the foot. The canvas 
was nowhere nearer than fi feet to the nest and did not cover the bird's alighting place at 
the top of the bank. The bird returned, seemed frightened, but in S minutes alighted and 
walked upon the canvas. She started down the bonk in the ri^t direction, but became 
oonfussd as socm as she got upon the canvas, and returned to her usual alighting place. 
She mftde aerenl more false starts, became accustomed to the canvas, and w^ed upon it 
without hesitation, but never walked the full distance to the foot <rf the bank. She went a 
short distsnoe to one side <A the canvas and reached one of the nests bordering her path (c). 
She lodted at this for a moment, and then turned and ran rapidly in the direction of her 
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own nest, but was again interrupted by the canvas. After a great number ci failures she 
finally reached the foot of the bank, seemingly by chance, half an hour after the canvas was 
placed in position^ and from this place she followed her customary path to the nest. An 
hour later she was driven from the nest (she probably made many trips to and from it 
during this interval). 8he returned to her ori^^nal alighting place at the top ol the bank 
and flew from it across the canvas to the foot d the bank, then walked to the nest. 

In this case the alighting place was far from the nest. Blocking the path 
between the alighting place and the nest was sufficient to destroy orientation. 
The immediate neighborhood of the nest was reached by chance, but was 
recognized at once. Readjustment to the changes in the path followed very 
quickly. 

From many observations I am convinced that practically every sooty has a 
special alighting place and path which is invariably followed in the return to 
the nest imder normal conditions. In some cases the path seems unac- 
coimtably complicated. Figure 7 shows the path 
followed by one bird in 10 successive trips to the 
nest. It passed its own nest, then around a large 
clump of weeds, back past its own nest at 6 to 
inspect the nest at c, and only then occupied its 
own nest. 

In many cases it is evident that after orientation 
is gained the path to the nest is determined largely 
by motor habits irrespective of the immediate visual 
stimuli. Little direct evidence upon the recognition 
of the alighting place has been gained, and the at- 
tempt to trace back orientation beyond this point 
must be postponed until data from experiments with 
noddies has been presented. 




\ 
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Fig. 7. — Complicated path 
from thir alighting place 
(a) to the nest (b). 



EXPERIMENTS WITH NODDIES. 

THE NEST AND PERCH. 



As in the case of the sooties, Watson foimd that the noddies locate their 
nests readily when the appearance of the surroundings has been completely 
altered and that the substitution of an artificial nest and egg for the originals 
does not disturb the birds in the least. He found also that very slight changes 
in the position of the nest confuse the noddies and that after such changes the 
birds still react positively to the old nest site. The nests of the noddies are 
always built upon the bay cedars and any great change in the appearance of 
the nest and environment involves not only a great deal of labor but also the 
destruction of many other nests. For this reason no great number of experi- 
ments upon the nest recognition of the noddies were carried out. Such exper- 
iments as the following, together with a large number of observations upon the 
flight of the birds to their nests, give, however, a fairly complete picture of the 
mechanism of orientation. 

EXPBRIMBNT 10. 

A pair of noddies had built their nest in a dead cedar bush near the smaller of the palm 
trees shown in plate 7, figure 2. When both birds were at the nest, one or the other 
was always to be seen perched on the middle of a low leaf of the palm. One of the 
birds is diown in figure 2, c. The nest was torn from its position and fastened on top 
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Fig. I. Tjisical ncuingaro o( the wotir. 
Fig. Z. The environmtnl o{ the noddy net dacnb«l in experinenl 1 0. 
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of a Btake, a, 3 feet farther from the perch, c, than its original position. At this time 
only one bird was present at the nest. It was frii^tened away and did not reappear 
for some minutes after the change was effected. It was first identified again as it hovered 
over the old nest site. Thence it flew to the perch, e, then back to the first position d the 
nest. This was repeated several times. 

Without paying the least attention to the nest at a, the bird next flew to the large palm, 6, 
circled close around its stem, and darted back to the perch. Without alighting here it 
turned Mid dropped quickly to the bushes where the nest had been. This was repeated 
many times until it seemed quite certain that the sight of the large palm furnished the clue 
to the position of the perch and that the change in direction ci flight from the perch to the 
nest was effected largely in terms of kinesthesia. 

Three points were brought out by these observations. First, the existence 
of a well-localized perch corresponding to the alighting place of the sooty; 
second, the use of other very conspicuous objects (in this case, the large 
palm) as points from which orientation is gained; third, the importance of 
kinsesthetic-motor habits even in determining the direction of flight. The 
perch seemed to be recognized partly by its appearance and partly by its 
relation to the neighboring palm tree. 

EXPERDIENT 11. 

The nest d a noddy, upon a low clump of bushes, 30 feet from any other noddy nest, was 
torn from its position and placed 2 feet away at the same level upon the same group of 
bushes. The nesting bird returned, circled about the nest, and alighted upon it inunediately . 
She covered the egg at once, but seemed a little uneasy. As the nest was not very secure 
in its new position, its unsteadiness may account for the bird's restlessness. 

The nest was next fastened on top of a stake 3 feet above its original position. The bird 
came back from the westward toward the old position of the nest, cau^t sight of the new 
arrangement, and swerved out of her straight course. She circled the nest three or four 
times, always keeping below the new level at the same height at which she usually flew above 
the bushes. She then flew out to sea, turned, and came back to the shore. The roof of a 
small p<Mxh on one oi the old buildings offered a convenient perch about 20 feet east oi her 
nest and she flew up to this. The most interesting part of her whole reaction occurred here. 
Instead of alighting on the roof, she hovered beside one comer of it for a moment, then 
turned and daurted unhestitatingly to the old nest site, 3 feet below the nest. She repeated 
this time and time again, flying to the comer of the porch roof, back a foot above the edge 
of the bushes past the nest, up into the air, and back to the pwch roof. She showed no 
disposition to alight upon the nest after 15 minutes. 

The nest was next lowered to a foot above its original level and 2 feet to the northward 
of its first position, just at the edge of the clump of bushes. The bird now began to hover 
above it, but still flew repeatedly to the porch roof and back to the original position of her 
nest. In 15 minutes she gained courage to alight upon the nest and cover the egg. Half 
Ml hour later she was driven off. She returned at once, following the edge of the bushes, 
and alighting iqx>n the nest. 

The nest was next moved 6 feet farther north. The bird returned along the edge of the 
bushes, hovered for a moment at the old nest site, then flew up and alighted upon the porch 
roof. From here she flew directly upon the nest, 5 minutes later she returned to the old nest 
site, from there flew out to sea, then back to the pwch roof and to the nest. 

On the following day the nest was moved 6 feet farther north. In the meantime the mate 
of the sitter had returned and both birds had become accustomed to the new position. 
Wh&k it was moved thb time, instead of flying out to sea they both hovered about, striking 
at me, and they alighted upon the nest while I was still adjusting it. I moved it about for 
short distances in several directions, changed its level several times, and always the birds 
iock it immediately. The visual stimulus of the nest seemed to have become the principal 
factor in orientation. To test this the stake supporting the nest was replaced by a tripod, 
the nest itself was covered by a black cloth, and liie egg placed on top of this. (Such changes 
had been found to have no dlfect when made with nests otherwise undisturbed.) The sittw, 
the same one upon which former experiments were made, came back past the old nest site 
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directly towards the nest, swerved when 3 feet from it, and returned to the old nest site. 
This was repeated four times. She then alighted upon the nest, but flew away immediately. 
Her mate came up and both circled around the nest for some time, but did not ali^t. The 
cloth was removed and the first bird covered the nest within five seconds. 

The nest was then moved 30 feet to the southward of its original positicm. The bird came 
back to the northern site, circled around for a moment, then idighted at the original position 
of the nest. She looked about, caught sight of the nest in its new position, flew directly to 
it, and covered the egg. A few minutes later she became dissatisfied and began to fly about, 
circling from the porch roof to the old nest site, to the nest, Mid back to the porch roof. 
She did not settle down before dark. On the following day both birds were observed at the 
nest, adding sticks to it and apparently quite satisfied. The next day both were gone and 
were not seen again. 

These observations, like the preceding, lay emphasis upon the perch as a 
conspicuous visual stimulus from which the birds gain accurate orientation to 
the nest. When this method of reaching the nest failed, the birds came to 
depend upon the visual stimulus of the nest and were confused by the changes 
in the appearance of the nest. 

The method by which the noddies recognize their nests is very similar to 
that of the sooties, the only difference being the manner of approaching the 
nest — ^in the one case by flying, in the other by walking. The perch has for 
the noddies much the same relation to the nest as the alighting place has for 
the sooties. Recognition of the noddy perch seems to be partly in visual 
terms, partly in the relation of the perch to other very conspicuous visual 
objects, such as the palm in experiment 10. 

Destruction of both the al^ting place and nest gave no very definite 
results. In one instance the birds flew back and forth along the edge of a 
row of bushes in which the nest and perch had been located, and made swift 
flights out aroimd a number of tall stakes which had been planted to mark 
other nests. In almost every instance the destruction of the perch and re- 
moval of the nest brought out some antecedent factor in orientation, such as 
the stakes mentioned above, but these factors were so widely distributed and 
varied as to be practically beyond experimental control. 

ORIENTATION IN APPROACHING THE ISLAND. 

In the two experiments recorded it seems clear that the birds gained their 
first orientation from the visual stimulus afforded by the palm trees and build- 
ings, and from a large number of observations I feel certain that all the birds, 
on approaching the island, determine their direction with respect to the more 
prominent visual features of buildings, trees, and bushes. The paths followed 
by the birds coming in from sea seem to give the best evidence of this. 

Figure 2 shows the more prominent features of the island, the buildings and 
trees at the western extremity, a wide opening in the bushes above the southern 
beach, and the denser growth of bushes in the central and northern parts of the 
island. The prevailing winds during the nesting season were from the north- 
east. When the birds are frightened they run from their nests, leap into the air, 
and fly against the wind imtil they reach a height of from 10 to 25 feet, then 
turn quickly and fly with the wind imtil well away from the island. If not 
badly frightened, they turn when 20 to 200 yards in the lee of the island and 
fly back rapidly against the wind to the region of the nest. Birds in open areas 
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may be kept in sight constantly during the flight and time and time again are 
seen to follow the same path from and to the nest. The great majority of 
birds in such short flights return by rather definite pathways indicate by the 
dotted lines in figure 2. As will be seen from the distribution of the nests, 
these lines lead directly to the chief nesting areas, and the preponderance of 
birds following them may be due simply to this fact. In each case, however, 
the path is near a conspicuous landmark (the buildings and opening in the 
bushes), and the birds frequently change their direction of flight after passing 
these, as is indicated by line d, figure 2, which is the route followed by one bird 
in a number of trips to the nest. It seems almost certain that these prominent 
visual objects are the directing factors in the orientation of the birds when 
approaching the island. 

SUMMARY OF WORK ON NB8T RECOGNITION. 

The general method by which the birds reach their nests may be summarized 
as follows: Coming in from the sea, they direct their flight by the more con- 
spicuous features of the island, the buildkigs, prominent bushes, etc. From 
these the direction is taken along the shore-line, or the edge of the cleared 
nesting area to the alighting place, which also offers prominent visual stimuli. 
From this the path to the nest is followed, either by a series of visual-motor 
habits built up aroimd other nests, debris, etc., or by a series of kinsesthetic- 
motor habits irrespective of external stimuli. Study of orientation at night is 
practically impossible, both because of the difficulty of identifying the birds 
and, chiefly, because of their increased timidity. During the breeding season, 
however, the nights are never so dark as to render the chief landmarks invis- 
ible at close range and, with direction gained from these, the birds' tdnses- 
thetic-motor habits are adequate for further orientation. 

The study of orientation in the nest locality has given no positive evidence 
upon the method of orientation at greater distances from the nest, but it does 
furnish two negative points of some importance. First, in the nest locality 
the birds are dependent upon visual and kinffisthetic habits for orientation and 
show no evidence whatever of the possession of any special sense of locality, 
such as a magnetic sense, functional within short flights. Second, kin»s- 
thetic-motor habits are formed with no such rapidity as to suggest that the 
birds can retrace a path by memory of its successive directions and distances 
when these have been experienced only once. As in all animals, vision tends 
to be replaced by kinesthesia as habits become fixed, but the process is rela- 
tively slow and plays no great part in orientation. 
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RECOGNITION OF THE YOUNG. 

Closely related to the problem of orientation and recognition of the nest 
in the terns is that of the recognition of the young, and in this respect the two 
species show much greater differences than in nest recognition. The noddies 
do not distinguish their own young from other young noddies and I have been 
imable to discover any difference in their active behavior toward either strange 
noddy or sooty young. 

EXPBBDCBNT 12. 

I placed a sooty chick, 24 hours old, in the nest of a noddy, taking out the noddy egg which 
was just hatching. The noddy came back to the nest and covered the young sooty immedi- 
ately. I watched the nest at frequoit intervals throughout the day. The noddy brooded 
the young sooty constantly, but was not seen to feed it. On the second and third days the 
noddies continued on the nest, but were not seen to feed the sooty, which on the third day 
was considerably smaller than other chicks of the same age. On liie fourth day, when the 
noddies were driv^i from the nest, the chick was found dead, apparently from starvation. 
Another sooty chick, 4 days old, was placed in the nest. The noddies continued to brood it 
for 3 days. On the fourth day the chick was dead and the noddies had abandoned the nest. 

The noddies accept sooty chicks in exchange for their own young of any age, 
as was determined by a number of such substitutions. In no case, however, 
was a noddy seen to feed a young sooty. Apparently the peculiar behavior of 
the young noddy is required to call out from the adult the instinctive act of 
regurgitation and feeding. 

ExFBRDfBNT 13. 

Two 2-day old noddy chicks were placed in a nest which already contained a 3-day chick. 
One of the younger ddoks was white, the other blade. The older chick was black. The 
adult noddy returned and covered the three chicks immediately. The nest was observed 
regularly for 15 days, when the work was interrupted by heavy storms. The three young 
chicks were fed by the single pair of adults and throve as well as chicks which were alone 
in the other nests. On the eleventh day one of the chicks disappeared. The others were 
still in the nest when observations w^re interrupted. 

During the fiurst days after the hatching of the egg the noddies do not dis- 
tinguish their own young from those of other birds and react to them only 
because of their presence in the nest. On the fourteenth day, or earlier, the 
young noddies leave the nest and lie hidden in the bushes during the day. 
In the evening they are fed, returning to the nest to meet their parents. Wat- 
son states that at this time the noddies distinguish their own young. I have 
no clear evidence upon this subject, but it seems probable that, as in the 
case of the sooties, the recognition is rather due to a dovetaUing of the habits 
of parents and young than to a visual or auditory recognition. 

Unlike the noddies, the sooties give prompt reaction both to the appear- 
ance of the chicks and to the number of chicks in the nest. They will not 
usually accept young noddies under any circumstances. In one instance a 
sooty which had been given a noddy egg hatched it and brooded the chick for 
a few hours in the morning, but in the evening both adult and chick were gone. 
Usually where a young noddy is placed in a sooty nest the old bird throws it 
out and drives it far away into the bushes. The reaction is to the visual stim- 
ulus,* and is purely instinctive, as is shown by such results as the following: 

EXFBROfENT 14. 

(a) I interchanged a sooty egg, jxist ready to hatch, and a 24-hour chick. The parent of 
the egg accepted the chick immediately. The other hesitated in covering the egg, looked 
about, walked to and fro for several minutes, and finally settled dovm upon the nest. 

^Figures of young noddies and sooties are given by Watson, ojma cii. 
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(6) I r^laoed a pipped sooty egg with a young noddy. The sootieB attacked the young 
noddy and drove it from the nest. A third sooty from another nest came and helped in the 
attack and I was forced to interfere to save the chick's life. 

Such reactions are by no means invariable. A sooty will sometimes refuse 
to accept a sooty chick in exchange for its egg or again will fail for some min- 
utes to notice the presence of a young noddy in its nest; but in general the 
different appearance of the chicks of the two species calls out different instinc- 
tive behavior in the adult sooties. 

The greatest variation in the behavior of the adult sooties occurs in their 
reaction to strange chicks of their own species. Ordinarily they do not dis- 
tinguish between their own young and other sooty chicks of about the same 
age during the first few days after hatching. 

EXPBBIMBNT 15. 

I r^laced a 3-day chick in a nest with another of the same age. The paroit returned to 
the ground near the nest, rushed forward, and threw out the nearest chick (her own), drove 
him into the bushes, then walked back and covered the other. I placed the abandoned 
chick in a nest with another of about the same age. One of the parents of this chick 
returned and accepted both young. Three days later both chicks were still in the nest. 

Chicks from 1 to 4 days of age may almost always be interchanged without 
inducing any marked change in the behavior of their parents. Many such 
exchanges were made and almost without exception the changelings were 
adopted without hesitation. Until the age of 4 days the sooty chicks are not 
recognized individually by their parents. At about that age a change takes 
place in the behavior of the young sooty. Before this time it feigns death 
when attacked by adult birds or when removed from the nest to strange 
surroundings. On the fourth or fifth day it becomes much more active, at- 
tempts to crawl out of the nest and hide in the bushes at the experimenter's 
approach, and attempts to run away when attacked in the open by older soot- 
ies. After the age of 10 days it spends most of the daylight hours lying hidden 
among the weeds and bushes near the nest and comes out only in the evening 
to receive food from the parents. With its increasing activity it seems to 
form a set of habits with respect to its nest very similar to those of the adult 
birds. In its own nest it lies quiet when attacked by strange adults, which 
happens frequently, for the sooty rarely misses an opportimity to take a sly 
dig at her neighbor's chick; but outside its own nest the chick, after the fourth 
day, scrambles away actively when attacked. This seems to furnish the first 
criterion by which the adults recognize their own young. 

EXPBBIMENT 16. 

(a) I interchanged a 1-day and a 6-day chick. The parents at both nests were much 
disturbed, refused to cover their nests, and poked the young ones with their beaks. The 
]rounger chick lay stOl in the nest and after a short time senned to have been adopted. 
The older chick started to run away and was immediately attacked savagely and (biven 
away among the bushes. 

(6) I exdianged a 3-day and a 5-day chick. The younger bird was accepted immediately 
by the parents d the other. They did not seem to note the change. When the adults 
returned to the other nest the &-day chick ran away. They attacked it at once and drove 
it away to a distance of 4 feet, where it received so much abuse that it gave up and refused 
to run further, feigning death. I returned it to the nest. The aduHs examined it and 
pushed it away roughly. This time it lay quite motionless, however, and the older birds, 
after driving away a trespasser, adopted it. 
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The tendency of these chicks to run away from the strange nests no doubt 
detennined the parents' final action toward them. In the first experiment 
recorded here, the difference in the appearance of the chicks, differing in age 
by 5 days, was sufficient to cause some disturbance in the behavior of the 
parents, but was not great enough alone to cause the rejection of the chick. 

On the seventh or eighth day after the eggs hatch, the birds begin to distin- 
guish their own chicks from younger or older ones by their appearance alone. 

EXPBBDCBNT 17. 

(a) A 2-day ohiok was placed in a nest instead of the 7-day one which belonged thei^. 
The adults pulled it out of the nest and forced it to crawl away. It was immediately 
adopted by a bird whose nest had been robbed of a young chick upon the previous day. 

(b) A 1-day ohick was placed in a nest instead of an 8-day ohiok. Tlie parent of the 
8-day chick returned and refused to cover the nest for 10 minutes. She continually pecked 
at the chick, although not savagely. When she showed a tendency to leave ihe nest, I 
replaced the young bird with one 3 days old. The parent returned, pecked the chick, and 
when it started to run away, attacked it furiously. Her own chick was replaced and accepted 
at once. After a time I substituted a lO-day chick for this one. It was attacked and 
driven away at once. 

The parent sooty here seemed to distinguish its own young, 8 days old, from 
1-, 3-, and IQ-day chicks which were substituted for it. But the recognition 
at this time is by no means certain, as is shown in the following observations: 

EXPSBniBNT 18. 

A 6-day old chick and a young egg were interchanged. The parent of the egg drove the 
chick away inmiediately. The nest from which the chick was taken was under a clump of 
budies. The owner ci the nest examined the egg, came out from under the bushes, went 
back and covered the egg, then came out again. She began to show an interest in the cries 
of her chick, which was being abused by the egg parent about 3 feet away. She went over 
and defoided the chick, and finally covered it, about 4 feet from her own nest. 

I next substituted a 5-day sooty for the egg and replaced the 6-day chick in the egg nest. 
Its parent returned and found the egg parent attacking it. She rushed to its defense and 
covered it near the egg nest. Soon she caught sight oi the young bird in her own nest. 
She went over to it and, after looking at it carefully, drove it out of the nest. I replaced it. 
She returned and accepted it. 

Her own chick was put back in the egg nest. She returned, defended it and covered it, 
about 2 feet from her nest, paying no attention to the strange chick in her own nest. The 
chicks were then interchanged, the 5-day one being placed in the egg nest and the 6-day one 
in its own nest under the bui^es. The old bird returned and defended the 5-day chick 
stoutly against the attacks d the egg parent. She followed it for several feet as it ran 
away and finally covered it. Her own chick caught sight of her and began to squall. She 
was very much disturbed, got up and started toward it, turned back, and after much hesi- 
tation finally went to her own chick in answer to its vigorous cries. As the 5-day chick was 
always silent this may have furnished the basis for discrimination. 

I placed a chick a very little larger than the 5-day chick in the nest und^ the bushes 
and the 5-day chick in the egg nest again. The parent started to defend her own chick in 
a half-hearted manner, caught sight o( the chick in her nest, wait to it and covered it. A 
moment later she drove it out of the nest and stood for 5 minutes in the empty nest. I put 
both chickB in her nest. She pecked the larger, but as it did not run away she covered both. 

Half an hour later both chicks were still in the nest. I placed the strange one in the egg 
nest, where it was promptly attacked. Its foster-mother paid no attention to it, but went 
to her own chick and nest. I interchanged the chicks. She rushed to defend her chick, 
covered it, and paid no further attention to her own nest. 

The reactions of this adult bird are rather conflicting and hard to interpret, 
as is true, indeed, of much of the behavior of the birds in tests upon recognition 
of the young. Seemingly, there is here the beginning of recognition of the 
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chick, based in part upon its appearance, in part upon its "feel" in the nest, 
its criesy and its reactions to the parent. None of these alone seems sufficient 
to form the basis of an absolutely positive recognition, and it is probable that 
the conflicting behavior of the bird is due to the imperfect integration of some 
such groups of impulses as the following: 

(1) Positive reaction to the appearance of the nest and its contents, and to 
the nest locality. 

(2) Disturbance of this caused by the changed appearance of the young and 
leading to greater sensitivity to other stimuli. 

(3) Postive reaction to feel of chick in the nest; this likewise disturbed by 
the substitution of the larger chick. 

(4) Positive reactions to the cries of the chick. 

(5) Defending reaction to the situation, chick attacked by adtdt. (For more 
detailed examples of this see p. 83). 

(6) This defending reaction is established as a habit which temporarily 
exceeds even (1) in force. 

All these factors are apparent in the activities of this bird and stand out 
more or less clearly in the reactions of most of the sooties to their own and to 
other young. Recognition of the young at this stage thus appears to be the 
result, in part, of the pattern of visual and tactual stimuli o£fered by the chick ; 
in part, of the behavior of the chick in the nest region (experiment 16). Com- 
plete recognition is the result of a complex of many sensory-motor reactions, 
not merely of a single type of stimulus. 

With older chicks, after the tenth day, it is almost impossible to carry out 
observations unless full time may be devoted to them. They lie hidden 
among the bushes during the greater part of the day and come out to their 
nests only at the return of their parents. They are extremely wild and run to 
cover whenever the colony is disturbed. They show a familiarity with the 
nest region almost equal to that of the adult birds, retiuning readily to the 
nest alone, threading their way among other nests and avoiding the attacks 
of strong adults. From such observations as I have been able to make I 
believe that the chicks usually take the same cover and that both chick and 
parent become perfectly familiar with the details of the most direct path from 
this to the nest, meeting one another at various points along the path and 
reacting to one another, at least in part, by virtue of their presence in this 
familiar neighborhood. 

Watson has shown that when the appearance of adult birds is completely 
altered, as by painting their breasts and head with brilliant colors, they are at 
first rejected by their mates, but this rejection is not permanent and the dis- 
figured birds are finally accepted by their mates by reason of their persistence 
in their normal activities in the region of their nests. The ''recognition" 
through the interrelation of habits overcomes the disturbance produced by the 
changed visual situation. For the recognition of the young, the same complex 
of reactions must be established. The visual stimulus provided by the young 
at the nest calls out the normal brooding activities. A slight change in the 
appearance of the young interrupts the normal series of activities and leads 
to trial movements. If the situation remains otherwise unchanged — ^if the 
behavior of the yoimg gives the customary series of stimuli — the changed 
appearance comes to be disregarded. 
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INSTINCT AND HABIT IN THE NESTING ACTIVITIES. 

MODIHABILITY OF INSTINCTIVE ACTIVITIES. 

The activities of the birds centering around the nest during the breeding 
season may be roughly divided into mating, selection of the nest site, construc- 
tion of the nest, la3ring, incubation, and the rearing of the yoimg. During 
each of these periods a special group of instinctive acts is called into play and 
the behavior of the birds is modified quite suddenly at the transition from 
one period to the next, as in the sudden appearance of the constant brooding 
activities after the egg is laid. Watson found that birds which are quite 
timid become aggressive as soon as the egg is laid and either refuse to be 
driven from the nest or attack intruders actively. He was able to induce an 
early appearance of this change in behavior by placing an egg in a newly 
completed nest, and thus raised the question of the relation of these changes 
in instinctive behavior to external stimuli and to internal processes. 

I have obtained a small amoimt of evidence bearing upon this question, 
but the data are fragmentary and a great deal more time may be spent profit- 
ably upon this particular aspect of behavior. Owing to the lateness of the 
season when the work was begun no observations were obtained upon mating 
or the construction of the nest. 

EXPBBIMENT 19. 

After some difficulty a newly completed noddy nest was found. The building activities 
of the owners had almost ceased, but no egg had been laid and the birds were not occupying 
the nest regularly. At the first observation, one of the birds was perched on a dead Umb 
near the nest and the other was not in the neighborhood. A noddy egg was placed in the 
nest. This was early in the morning. No change in the activity ci the bird at the nest was 
observed during the day. It disappeared occasionally, but did not show any reaction to the 
egg. The mate was not seen. 

On the following morning a bird was found brooding the egg. Its mate was on the dead 
limA) near by. When I approached both birds defended the nest, the one on the perch fLying 
into the air and striking at me, the sitter refusing to leave the nest. I caught the latter and 
mariced it with a spot of paint. The mariced bird was occupjring the nest when it was 
observed later in the day. 

On the third day only the immarked bird was seen at the nest. It spent the day sitting 
on the perch or on the edge of the nest, paying no attention to the egg. 

On the fourth day the maiked bird was again observed at the nest. Both birds were 
upon the nest, the marked one brooding the egg, the other standing on the edge d the nest. 
Both flew up at my approach. The maiked bird returned immediately and covered the egg. 
The immarked one returned, hovered about for a short time without alighting, and then 
flew out to sea. 

On the following day the marked bird was observed on the perch. At this time the 
unmarked bird was on the nest over the egg. For as long as I watched, this bird did not 
assume the brooding position, but stood uprii^t and turned about, moved to the edge of 
the nest, and flew away rapidly when disturbed, thus showing the behavior of the layer 
rather than of the sitter. 

The marked bird was on the nest for the greater part of the sixth day. The immarked 
bird was seen on the edge ci the nest, but did not cover the egg. 

On the seventh day a second egg had been deposited and the unmarked bird spent the 
day in brooding the eggs. After this time the birds seemed to take turns regularly in 
brooding the eggs. 

In this case it seems clear that only one of the birds was stimulated to the 
brooding phase of activity by the sight of the egg. The other retained almost 
wholly the behavior of the layer up to the time when the second egg was depos- 



NESTING ACnVITIBS OP NODDY AND SOOTY TERNS. 81 

ited. There can be little doubt that this second bird was the female, that the 
stimulus in the case of the male was purely visual and tactual, while in the case 
of the female the act of la3ring was necessary before the brooding phase could 
appear. 

It is generally stated by the natives of the region that the sooty will lay a 
second ^g if the first is taken from the nest. I was unable to verify this. 
The eggs were taken from 10 nests and in no case was a second egg deposited; 
the nests were all abandoned after a few days. However, none of these nests 
was less than a week old, and it is possible that the loss of the egg at an early 
period may serve as a stimulus to further oviposition. 

An attempt was made to find out how long incubation might be interrupted 
by removal of the egg without leading to the abandonment of the nest. Sggs 
were taken from a number of nests and returned at regular intervals, from 6 
hours to 4 days. Brooding activities were resimied by the birds after 4 days. 
The experiment had to be interrupted here because of stormy weather.* 
From rough observations, however, I believe that after a week's interruption 
the birds will not resimie incubation. The time is certainly less than the 
time required for the loss of the brooding instinct of birds in captivity,! as 
mi^t be expected from the greater opportunity which free biids have to 
form new habits toward the colony. 

After the hatching of the egg the parental instinct seems to be even more 
dependent upon the stimulus of the chick in the nest. In some cases nests 
from which the chicks were removed seemed to be wholly abandoned after 
48 hours. 

The second marked change in the behavior of the nesting birds occurs at the 
hatching of the eggs. The incubation period of the noddies is given by Wat- 
son as 32 to 35 days, that of the sooties as 26 days. I made attempts to shorten 
and to lengthen the time required for incubation in order to test the extent 
to which intra-organic factors are concerned in the changes from incubation 
to brooding activities. The experiments are very unsatisfactory, chiefly 
because the age of very few nests was known. 

Substitution of young chicks for noddy eggs of any age was not followed by 
any marked change in the behavior of the adult birds. They were never 
seen to attack the chicks, but I could not determine how soon such chicks 
are fed. It seems certain, however, that the incubation period of the noddy 
may be shortened by at least one-fourth without serious interference from an 
intra-organic rhythm. 

Attempts to £^orten the incubation time of the sooties have not been carried 
out fully, but there is more evidence that the length of the incubation period 
is detennined, to some extent, by internal factors. Parents whose eggs are 
less than two weeks old will not adopt young chicks. The data at hand are 
not conclusive beyond this point. Adults whose eggs are pipped will sometimes 
refuse to accept yoimg birds in exchange for them, but usually during the last 
week of incubation such changes may be made without difficulty. 

^Experimental work with the colony wme made almost impoerible daring the last 10 dajrs of 
June, at a time when the young birds were in the most interesting stage ot development. High 
winds and heavy rains, with a considerable lowering of the temperature, made it advisable to 
disturb the colony as little as possible, as the birds frightened up from the ground were instantly 
blown far out to sea and at times eould not regain the island for hours. 

tSee page 43 of this volume. 
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The period of incubation may be lengthened also to some extent, but this 
differs in different birds and its limit was not detennmed. 

In 10 nests yoimger eggs were substituted for pqiped ones. After 2 da^ 
one of the nests was abandoned. During the following 5 days 6 of the ^gs 
hatched. The remaining birds were still sitting at the end oi 7 days, when 
observations had to be discontinued. 

A dead €^ was substituted for a pipped one, somewliat eariier in the season. 
Upon the following day it was found that the paeents had adopted a 3-day old 
chick and were brooding both it and the eg;. 

This observation and the abaiKkniment of tiie single nest in the other 

experiment suggest that the length of the incubaticm period is conditioned by 

an internal rhythm, wfaieh does not determine, however, an exact period of 

26 days, but pemuts a range of variation of 2 weeks or more around this 

period. 

INTEGRATION OF COMPLEX HABITS. 

Two of the most striking features in the colonial life and behavior of the 
terns are the enormous number of habits which they exhibit and the discon- 
nected, impulsive character of their activities. The number of habits involved 
in the process of orientation has been illustrated in the earlier experiments. 
By the time that the experimental work had been carried far enough to give 
an insight into the mechanism of orientation the ^gs were all laid and the 
birds had been reacting to the situation at the nest for some weeks. Hence 
there was little opportunity for study of the formation of the habit complexes. 
In general, as might be expected in a colonial bird, the most definite and firmly 
established reactions are associated with other birds or their nests. The chief 
landmarks used by many sooties for the final location of their nests are the 
nests of their neighbors, and it is apparent that the presence of these neighbors, 
defending their nest areas, tends to give a greater stimulating value to the nests. 
The birds whose nests were in very crowded areas showed a much lower plas- 
ticity in adapting to changed conditions than those whose nests were somewhat 
isolated, hesitating to occupy nests only a few inches from their own nest sites 
and offering little defense of such nests against trespassers. The behavior of 
the birds suggests that in the early part of the nesting season exchanges of 
nests must be of relatively frequent occurrence. An interesting example of 
the diffidence of the birds in appropriating new nests is given in the following: 

Two sooty nests, 18 inches apart, were obliterated and both eggs were placed in a new 
nest half way between them. The parents of both eggs returned to their nest sites, missed 
the eggs, and began to look about for them. One caught sight of the eggs in the new nest 
and covered them. The other at once drove her off and took the nest. The first, after 
standing for a few moments at her nest, returned to the new nest and drove off the second. 
This was repeated several times, the bird occupying the nest offering little resistance to the 
attacks of the other but returning fiercely to the attack after a visit to her own empty nest. 
Finally one bird rolled an egg back to its nest and both settled down contentedly. 

In small matters, such as changes of a few inches in the position of the nest, 
changes in the appearance of the egg, young, or nest, the habits of the birds 
may be quite readily modified, but this seems to hold true only within certain 
limits. Many attempts were made to shift nests to the edge of the beach 
with the purpose of transferring them to rafts in the hope of ultimately trans- 
planting a part of the colony to other keys, but however slowly such shifts 
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were made (6 inches or so per day) the nests were either abandoned when 
moved 4 feet or less from their original position, or the eggs were rolled back 
as fast as they could be moved forward. 

Note. — This moving of the egg back to the original position of the nest has been men- 
tioned before in connection with other experiments. It might seem to involve very com- 
plex processes, memory of the relative position of the egg and nest and an attempt to restore 
their relation. I watched the entire procedure in a doien or more instances and believe 
that there is httle implicit behavior involved in it. The bird, returning to the empty nest, 
misses the egg, looks about, and catches sight of it a few inches away. She starts towards it 
rapidly, but goes more and more slowly as she approaches, sometimes turning back before 
reikching it. Perhaps after several such hesitating starts she gets close to the egg, stops as 
soon as she can reach it with her beak, and rolls it back under her body. In this way the 
egg is moved for 2 or 3 inches at each trip from the old nest site to the egg. That it is 
moved in the direction of the old nest site seems to be the result oi the fact that the bird 
always faces away from the latter as she approaches the egg. There is no real evidence of 
implicit behavior in this case, even of a delayed reaction in which orientation is held as the 
egg is moved. 

In all its activities, where reaction to a new situation is involved, the behar 
vior of the birds has a peculiarly impulsive character. One group of stimuli 
seems to gain momentary control and determine the bird's reaction in spite of 
contradictory elements in the situation as a whole. If a chick is taken from 
its nest and put down among strange adults they are at once attracted by its 
cries and crowd around it. Several of them attack it and immediately others 
rush forward to defend it. The fight becomes general and may give the chick 
a chance to escape. After a time some of the adults are driven away and 
leave the victors to strut about. If one of these catches sight of the chick, he 
attacks it and the fight is soon renewed. I have seen the same bird alternately 
attack and defend a chick through a number of fights; the sight of the strange 
chick calls out movements of attack; the sight of an adult attacking a chick 
calls for defense of the chick. Young chicks, when attacked by adults, either 
feign death or sprawl about helplessly, without being able to escape. In the 
latter case they sometimes force their way under the body of the adult. When 
this happens it practically always produces a marked change in the behavior 
of the adult bird. His aggressive attitude drops away suddenly, he shuffles 
about for an instant, looks down at the chick, tucks it under him with his 
beak, and assumes the brooding position. If he is at some distance from his 
nest this brooding reaction is of short diuration; he soon grows restless, gets 
up and turns around several times, and finally returns and attacks the chick 
with renewed savagery. 

The same lack of codrdination in reactions to complex situations is seen in 
the choice between two nests, in the re-orientation in the path to the nest, and 
in the reaction to changes in the appearance of the path. The reactions are to 
separate groups of stimuli and there is clearly no analysis of the situation as 
a whole. The birds do what a man would only consider doing under like 
circumstances; that is, they carry out in overt activity many of the same 
processes which in man are restricted to the language mechanism. In sub- 
jective terms, they show little or no evidence of "ideational processes'' in 
their activities. 
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STUDIES ON THE SPECTRAL SENSITIVITY OF BIRDS. 

METHODS OF STUDYING SPECTRAL SENSITIVITY. 

In the literature bearing upon the homing sense (distant orientation) one 
meets with the theory* that possibly those animals in which such a function 
resides possess retinas sensitive to extremely long wave-lengths. It is fiuther 
supposed by the adherents of such a view that these long waves follow the 
surface of the earth.f As a consequence, any animal with very keen vision, 
having a retina sensitive to them, could directly respond to the visual stimulus 
of a distant goal (cdte, nest, etc.), the curvature of the earth by hypothesis 
not interfering with the continuity of vision. Such a theory, while speculative 
in the extreme and without good physical support, can not be dismissed with- 
out some experimental tests, especially in view of the fact that no hypothesis 
of return (logically) simpler than this has yet been advanced. 

During the spring of 1912 we decided to make a careful test of the limits of 
spectral sensitivity in the noddy tern and in the sooty tern. It is clear that 
the above theory has no standing if it can be shown that the animal under 
consideration has a spectrum coextensive at the red end with that of man 
(X = 7600) . In order to make the work more complete we purchased some chicks 
(of mixed breed) for testing in the same apparatus. We set up the apparatus, 
consisting of a large spectrometer with suitable compartments for controlling 
the responses of the birds, in the Marine Biological Laboratory of the 
Cam^e Institution of Washington, Tortugas, Florida. After capturing and 
rearing 12 young noddies and 12 young sooties and constructing a rather 
elaborate dark room, we found that the small electric-light plant which we 
had installed could not be run with sufficient steadiness for use with the Nemst 
lamp. We finally decided to abandon the experiment at Tortugas and to 
remove the apparatus and the birds to the Psychological Laboratory of The 
Johns Hopkins University. 

The birds arrived safely, standing the long journey by rail very well. They 
were placed in a large yard and fed twice daily with chopped fish. For some 
reason they did not thrive, and died one by one. By the time the apparatus 
could again be made ready all the terns had died. There remained only the 
three chicks brought from Tortugas. We thought it distinctly worth while 
to test them, since they are day birds and especially sensitive to red ra3rs, as 
has been shown by Hess.^ 

*Faoult£ de direction du pigeon voyBgeur. Ann. de Pqyoh. Zool., i, 1901, p. 22; ii, 1902, p. 
48. The above artiole was written by Hachet-Souplet. Duchitel's view appears in the artide 
in a series of letters. 

fDuchitel and Haohet-Souplet, as has been pointed out by E. Branley, in the artiole referred 
to above (ii, p. 57), are apparently not familiar with the properties of lic^t. Duchitel at least 
draws an analogy between the Hertiian waves and the infra-red rays. Now the Hertsian waves do 
apparently follow the surface of the earth (over water at any rate; as to their course over a moun- 
tainous region there seems to be some question). But the Hertsian waves have a length varjong 
from a few centimeters to many meters, and are not to be compared with the relatively extremely 
short infra-red rays which may be obtained from prismatic spectra. Contrary to DuchAtel, the 
violet rays would come nearer fitting his theory, since they suffer greater refraction by the different 
layers of the earth's atmosphere. Had his theory been based upon ultra-violet rays rather than 
the infra-red, it would have had slightly better physical support. 

tHess, C, Ueber Dunkeladaptation bei Hfkhnem und Tauben. Archiv f. Augenheilkunde. 
67. 298; also 57. 317. 
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The experiment naturally falls into two parts: first, accurate determination 
of the limits of the spectrum at the violet and red ends; second, plotting of 
the sensitivity curve for monochromatic light. At the end the attempt is made 
to compare these findings with those obtained from similar tests upon man. 

A very large spectrometer was used, the ground plan of which is shown in 
figure 8. It consists of the source L, a Nemst automatic lamp burnt at 110 
volts, D. C. The lamp was controlled by regulating the amperage (the amme- 
ter reading to iV of an ampere); a single achromat condenser gave an image of 
the source upon the slit S (this slit is accurately controlled by a micrometer 
screw) ; the collimator Cm, which is a compound 4-inch portrait lens; the dense 
flint-glass prism P, with 4-inch face compound portrait lens O, used as the ob- 
jective, and the slit S^, which was mounted upon a carriage controlled by a mi- 
crometerscrew. The slit system was directly calibrated in termsof wave-length, 
so that any possible region could be immediately admitted to the dark room. 
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Fig. 8. — Ground Plan of Double Spectrometer. L, source (NernBt); Cd., condenaer; Si, slit; 
Cm., collimator; P, dense flint glass prism; O, objective; St, selecting slit; B. sec., Brod- 
bun rotating sector; Cm.i, collimator for auxiliary spectrometer; Pi, direct vision prism; 
Oi, objective for auxiliary spectrometer; St, final selecting slit; TR., total reflection 
prism throwing light on plaster surface. The small sketch at the right is a vertical section 
through T. R., showing the way the beam is finally projected upon the plaster surface 
(stimulus patdi). 

For the work on limits the Brodhun sector (B. sec.) and the auxiliary spec- 
trometer shown in the diagram were not used. These were employed in the 
second part of the work — ^the determination of the relative stimulating effect 
of the different spectral regions. 

The Brodhun sector is too well known to require detailed description. It 
consists of a series of rotating prisms which revolves the light around a sta- 
tionary sector. It permits of the immediate control of the intensity of the 
light without stopping the motor for the needed adjustment. The sector 
openings are controlled by an arm extending from the housing of the sector. 
An arbitrary scale in millimeters running from zero, where the sector is fully 
closed, to 140, where the sector is open at the maximum allowed by its con- 
struction, permits one to adjust the intensity of the light with great accuracy. 

For reasons which will appear in the text, it was found necessary, in the 
second part of the work, to secure monochromatic light practically free from 
admixture with white light. This can not be secured with a simple spec- 
trometer system. Accordingly, after a given band of light had been selected 
by the slit Sj, it was passed through a second spectrometer, of which Cm,, in 
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the drawing, is the collimator, Fi the direct visioii prism, Oi the objective, and S| 
the final slit. The total reflection prism TR throws the beam vertically down 
on the plaster-paris surface (stimulus patch 3 cm. X 5 cm.), which is placed 
in the compartment in which the response of the animal is obtained. Issuing 
from this second spectrometer system is a band of monochromatic light, which, 
when examined with a pocket spectrometer, shows no further resoluUon. 

In determining the curve of the relative stimulating value of light of diffeiv 
ent wave-lengths the bands of monochromatic light were equated in energy. 
Since thresholds were involved, the calibrated selenium cell, by means of 
which the energy was determined, was put 10 cm. above the stimulus patch 
and directly in the path of the beam. A. H. Pfund's method of calibrating 
with this cell will be found in Yerkes and Watson.* Even calibration before 
diffusion did not give a beam sufficiently low in intensity for direct use in 
threshold work. It was found necessary to introduce a wedge of smoked glass 
behind the final selecting slit. In the yellow-green, greoi, and blue regions a 
very dark glass was required; in the yellow and orange regions one very much 



Fra. ft.— CoDtTol Boi. H, borne box; 
C, rcaponae dumber: F, Fi, food 
oompBrtmeiiU; X, Xi, ctiiiiulu* 
pstchoi; S|, St. platfoimi eauuf 
lights L. L, tio wink; B, plaUonD 
cuiaing boUi lights to wiok aimul- 
taoeoiulyi D, D|, doora leading to 
food oompartmeDta; K, Ki, knoba 
controlling the*« doors. 



lighter was required. Finally, in the red region no glass at aJI was required. 
Since these glasses were ins^ied after calibration, it was necessary to send 
them to the Bureau of Standards for calibration as to absolute absorption 
at the different wave-lengths employed in this work. The curve (fig. 10, p. 98) 
contains the proper corrections. When the appropriate smoked glass was 
inserted the threshold for the animal was found to lie well within the range of 
intensities offered by the Brodhun sector. 

The animal's reactions were taken in the apparatus shown in figure 9, which 
consists of a large box, 94.5 cm. in length by 74 cm. in width by 25 cm. in 
depth. It is divided into a home compartment H, 31.5 cm. in length by 25 
cm. in width, and a response chamber C, 30.5 cm. in width, which is partially 
separated into two smaller compartments by a partition. The length of the 
partition is 25.5 cm. The distance from the door leading into the response 
chamber to the stimulus patch is 69 cm. The distance between the stimulus 
patches is 25 cm. The dimensions of the face of the stimulus patch are 3 cm. 
by 5 cm. The other divisioDS of the box are not important. 

*Metboda of Studyiog Vinon in Animala, Behsr. Mono., 2. 
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It can readily be seen that the box offers two alleys which lead into food com- 
partments, F and Fi. Two doors, D and Di, pennit one to confine the animal 
in the jHroper food compartment. By a special mechanism the doors can be 
closed af t^ the passage of the animal from without the apparatus by pulling 
knobs K and Ki. Two doors lead from F and Fi into H. It is thus possible 
to work with the animal without touching it and without being seen by it. 

By means of a special signaling device the movements of the animal can 
be recorded without the necessity of watching it. Two miniature lamps, 
blackened except for an opening about 1 mm. in diameter, are electrically 
connected with the platforms S and Si and Sj. When the animal crosses S 
and goes into the response chamber both lamps are caused to wink (break 
circuit). If he then crosses the right-hand platform S^, the right lamp goes 
out until the reaction is completed and the animal turns into R. If the animal 
goes across Si, the left lamp goes out, etc. In the drawing the stimulus light 
falls upon the right stimulus patch X; consequently food may be obtained by 
passing around R through the open door Di. It will be noted that the door D 
is closed. If the animal makes the wrong choice it must pass Si, around into 
alley L; there finding the door closed, it must retrace its steps and pass S^, 
into R through D. The apparatus as a whole can be shifted so that the light 
may be made to fall either upon X or Xi at will. Although arranged for pun- 
ishment by electric shock, punishment was not used in the experiments upon 
the chicks. 

THE LIMITS OF THE CHICK'S SPECTRAL SENSITIVITY. 

The experiments were carried out upon three chicks. Experimentation 
began on August 30, 1912. On that date the chicks were exactly 30 days of 
age. Before actual tests were made the animals were forced to go through the 
complete reaction they would have to use during regular experimentation; that 
is, they were at first confined in the home box, then admitted to the reaction 
chamber, and then forced to go to the right or left food compartments at the 
will of the experimenter. These preparatory exercises were conducted in a 
well-lighted room. One of the interesting things appearing in these tests with 
both chicks and terns was the failure of the birds to learn readily to pass 
around into the alleys L and R. Some rats which the writer tested in the same 
way learned to make these turns in a few trials. It took nearly 3 weeks to get 
the birds to run rapidly from entrance into the stimulus chamber around to 
the food. When they had learned to make the turns, regular tests were begun. 
These consisted in responding positively to the compartment illuminated by 
the monochromatic light (or negatively to the dark compartment). 

The chicks were brought into the dark room in a basket and allowed to 
remain in complete darkness for 10 minutes. Then a 16 c. p. tantalum light 
placed 1 meter above the center of the home box was turned on and a chick 
was placed in H. The chicks are designated by D, R, and G. D was always 
experimented upon first; then in order, R and G. The state of adaptation for 
the three chicks was thus not quite the same.* As soon as a chick was placed 

*Aiid yet no marked differences in sensitivity of a progressive kind were noted. The use of 
the white light after every response, as above described, probably kept adaptation constant in 
all. The two chicks not undergoing e3q;>eriments were kept in the room with the apparatus. 
The wicker basket in which they were confined admitted light with readiness. 
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in H the tantalum light was turned out. Five seconds later (by metronome) 
the door to the reaction chamber was opened. The chick then passed out and 
reacted either positively or n^atively to the light. When the animal had 
immediately, or after errors, finally correctly responded (i. e, positively), as 
shown by causing the proper light to wink (p. 90), the tantalum light was 
again turned up. After feeding for 3 seconds the animals were allowed to 
pass again into H through one of the side doors. The light was again turned 
out for 5 seconds and the test repeated. At first only 6 to 8 tests were made. 
The number was then increased to 10 and sometimes in control work to 15 to 
20. In the following tests no effort was made to control the energy of the 
stimulus. The light falling on the plaster surface was very intense — ^the max- 
imum afforded by the spectrometer at any given wave-length. We planned 
to test the animals first near the center of the spectrum, X » 5480, and then to 
pass on in the red region until a limit to response was reached; next to re- 
train on X =: 5480, and then to pass to the violet region, continually decreasing 
the wave-length until the limit was reached. Table 23 gives a summary of 
the tests at X»5480, showing that the retina of the chick is sensitive to 
X=5480, and furthermore, that the chick is distinctly positive to light. 

Tablb 23. 



No. of 
trials. 


Animal. 


Percent 
right. 


Remarks. 


29 
29 
29 


D 
R 
G 


93 
90 
95 


Two errors were made on first day. 
Only one error after first day. 



LIMITS AT THE RED END. 

In order that no useless work might be done in testing the chicks at inter- 
mediate points, I next tested them in asimilar way at X » 6230; then at X == 6520 
andX»6825 (table 24). 

Tablb 24. 





No. of 
trials. 


Animal. 


Percent 
correct. 


Remarks. 




12 


D 


100 




X-i6230 


12 


R 


100 






9 


G 


100 






6 


D 


83 




X»6520 


6 


R 


100 






6 


G 


100 






8 


D 


87 


Animal badly disturbed, very slow, cried a great deal. 


X-i6825 


8 


R 


87 


Considerably slowed. 




5 


G 


100 


After fifth refused to work. Turned slit back to 
X»6620; animal worked well at this point. 



As the aniTnAlw were somewhat disturbed on the final test, due probably 
to the low stimulating value of the light, I increased the intensity by opening 
up the slit in the collimator Si, with the results shown in table 25. The 
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Table 25. 



time of the response was also recorded.* The tests shown in table 25 were 
made on successive da3rs. 

Since the animals were holding to such a high percentage of correct choices, 
I became suspicious as regards the stimulus to which they were responding. 
I convinced myself speedily that there were no secondary criteria, such as 
noise, rotating of the box, etc., which could be responsible for their reactions. 
The animal would not respond in any definite way when the monochromatic 
light was excluded. It became evident that the illumination on the plaster 
surface was responsible for their actions. I next turned the slit far out beyond 
the limits of the human spectrum (X^SOOO) and found that the animals still 
reacted correctly. Under the conditions of this latter test the plaster surface 
was invisible to me, but after darkness adaptation it became faintly vis- 
ible. This was undoubtedly due to the stray white light present in this simple 
spectrometer. I had not supposed its intensity great enough to create dis- 
turbance in animal work of this kind. Such a source of error is not mentioned 
in the volimiinous works on color responses in animals. 

This brought me into consultation with 
my colleague. Professor A. H. Pfund, who 
assured me that there was always a large 
amount of such light in both prism and 
grating spectra, and that there were two 
methods of eliminating it: one by putting 
behind the slit in the objective a filter of 
such a nature that there would be trans- 
mitted only the region of the spectrum 
desired. In this way all diffuse white light 
could be eliminated. The other method 
was to use the purified spectrum of Helm- 
holts, i, 6., to take the monochromatic 
band as it issues from the first spec- 
trometer and to pass it through another spectrometer. All diffuse white light 
in the beam so chosen is thrown off into a secondary spectrum. Mention 
(p. 88) has already been made of the set up of this auxiliary spectrometer. 

The first method is not satisfactory for use in experiments where it is neces- 
sary to pass rapidly from one r^on of the spectrum to another. The second 
method is the only thoroughly satisfactory one in such work as the determina- 
tion of the relative stimulating value of waves of different length. 

Since the work on limits required only two filters — one at the red end and 
one at the violet — ^it was at the time decided to be more convenient to use 
them than to wait for the construction of the double spectrometer. By the 
time the work on limits had been completed the second spectrometer was 
ready for use. It is certainly advisable, when the apparatus is at hand, to 
employ the "purified spectrum," even in the work on limits. 

*The time of all responses was taken from this point on throughout the remainder of the experi- 
ment. It is without general significance, so is not given. It aided the experimenter materially 
in keeping adaptation reasonably constant. As a matter of fact, as the limit is approached, the 
time increases enormously. The chicks attempted to form the habit of waiting in H until adap- 
tation brought the light over the threshold. This could be checked by waiting until the normal 
time for reaction had passed, then closing the door, turning up the light for 5 seconds, then turn- 
ing it out and repeating the regular routine of the test. The time of normal reaction varied from 
about 2 to 14 seconds. 





No. of 
trials. 


Animal. 


Percent 
right. 




6 


D 


lOOl 


X»6825 


6 


R 


100* 




6 


G 


100 




6 


D 


83 


X-7000 


6 


R 


100 




6 


G 


100 




6 


D 


83 


X-7195 


6 


R 


100 


1 


6 


G 


100 



^Evidently increased intensity made re- 
sponse easier. 
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Pfund has found two filters which work well in the determination of limits. 
The filter for the red end consists of an aqueous solution of cyanin and potas- 
sium bichloride placed in a convenient glass cell with plane parallel sides. 
Such a cell was placed just behind the selecting unit, which was set at X » 7000. 
This filter transmits 80 per cent of the light from X=7000 up to In, but 
excludes all light below X =^ 7000. When placed behind the slit, the red surface 
was cleariy visible to me after 20 seconds of darkness adaptation.* The slit 
in the collimater was set at 0.75 mm. and that in the objective at 0.52 nmi. 
The complete records of the chicks are shown in table 26. 

On the following day I set the slit at X=7150 with other conditions exactly 
as before. The light was quite faint to me. After 5 minutes' adaptation to 
darkness the red surged in quite clearly. 

Tablb 26. 



X-7000. 


No. of 
trials. 


Podtion 
of light. 


Response. 


Remarks. 




1 


Left 


Left 








2 


Left 


Right 








3 


Right 


Right 






ChiokD 


4 
6 


Right 
Left 


Right 
Left 


• 62 per cent 


(I waited before admitting animal until 
\ light was visible to me. 




6 


Right 


Right 








7 


Left 


Right 








8 


Right 


l^t 








1 


Right 


Right 








2 


Right 


Right 








3 


l^t 


Left 






ChiekR < 


4 
5 


Left 
Right 


Left 
Right 


* 68 per cent 


(I waited before admitting animal until 
\ light was visible to me. 




6 


Right 


Left 








7 


l^t 


l^t 


* 






8 


Right 


Right 








1 


Right 


Right 








2 


Right 


Ri^t 




fl allowed this animal to make ohoioe 10 




3 


Left 


Left 






Chiok G 


4 
5 


Left 
Right 


Left 
Right 


100 per cent 


1 light, regardless of whether I oould see 
1 it. It was below my threshold in 




6 


Right 


Right 




nearly all cases when he made his 




7 


Left 


Left 




[ choice. 




8 


l^t 


Left 







Chick D chose correctly 3 times, then made 3 consecutive errors, after which 
he refused to respond even after long adaptation. I then turned the slit back 
to X»5480 (green of original training series) and gave him 5 trials; all were 
correct and the average time of reaction was 2 seconds. 

Chick R chose twice correctly and then made three consecutive errors. 
When tested on green of training series, 5 correct choices were made in an 
average time of 2 seconds. 

Chick G would give only 8 responses; during these 8 trials two errors were 
made. The animal chose with great difficulty. The average time of this chick 



*When it appeared it came in a burst of red light. There was no photochromatio interval 
whatever. 
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was 12 seconds. Since it had made but one error during the whole course of 
the experiment, and that on the third day of its prdiminary trials, I think it 
fair to call this place Xb7160, the red limit under the conditions of the fH'esent 
test. The limit of D is evidently X-^7000, while that of R is between X«7000 
and X=7160. When tested with light-waves of greater length, no response 
was obtained. 

LIMITS AT THE VIOLET END. 

After a preliminary test upon green X»5480, in which all choices were cor- 
rect, the chicks were tested with violet X»s4500, with the Nemst as a source. 
The stimulus was plainly visible to me. Six tests were given each animal, as 
shown in table 27: 

Tablb 27. 





No. of 
trials. 


Animal. 


Peroent 
oorreet. 


Remarkfl. 


X-4500 
X-4200 


6 
6 
6 

8 
8 
8 


D 
R 
G 
D 
R 
G 


100 
100 
83 
82 
100 
100 


Clearly above my threshold the moment the light was 
turned out. 

Animal seemed to experience great difficulty. Light 
above my threshold at end of the 5 seconds. 



Again I became suspicous as to the adequate stimulus, especially in view of 
Hess's work. In order to eliminate all diffuse and scattered white light I put 
in a filter of CUSO4 to which an excess of ammonia has been added immedi- 
ately behind the selecting slit. The thickness of the layer was 1 cm. I first 
tested with a pocket spectrometer, to see that only violet and bluish-violet 
rays were admitted. It was necessary to open up the slits, S] to 0.75 mm. 
and Ss to 1 mm., in order to make the light visible to me. The results are 
given in table 28. 

In order to obtain fairly high intensities in the shorter wave-lengths I found 
it necessary to substitute the automatic Bausch and Lomb arc lamp for the 
Nemst.* The filter was arranged as before. The results appear in table 29. 

Tablb 28. 



X-4500. 



No. of 
trials. 



8 
8 
8 



Animal. 



D 
R 
G 



Peroent 
correct. 



88 
100 
100 



Remarks. 



Clearly over my threshold 
at end of 2 seconds. 





Tablb 29. 


X-4010. 


No. of 
trials. 


Animal. 


Percent 
correct. 


8 

8 
8 


D 
R 
G 


100 
100 
100 



On the following day the arc was again used, but as an extra precaution 
against white light I placed a filter of the same constitution as the above 
(cupra-ammonium) in front of the slit in the collimator S^ The pocket 
spectrometer showed that no light was admitted except the violet ra3rs. 

The chicks were first tested with X = 3950. It was visible to me at the end of 
a long adaptation time, but not visible under the conditions offered the chicks. 



*Yerkes and Watson, op, cil., p. 89. 
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Both D and R broke down completely and took up right-hand position 
habits. I then immediately gave them X » 4050, with conditions as in previous 
tests, with the results shown in table 30. 

Eividently under conditions such as I have been describing the violet limit 
lies between X»4050 and X==3950 for these two animals. The stimulation 
was in every case over my threshold. Furthermore, the animals were ad- 
mitted 10 seconds instead of 5 after turning out the light. 

Much to my surprise chick G gave different re- Tablb 30. 

suits. He was tested under the same conditions as 
D and R with X=3950. The light to which he re- 
sponded was never above my threshold. I give his 
record in full in table 31. In every trial in which 
10 seconds were given, the animal responded cor- 
rectly. It is evident that the threshold is a flexible 
kind of thing and dependent naturally upon adapta- 
tion. The limit for G for long adaptation is certainly lower than X»3950, 
but for 5 seconds' adaptation at the present intensity X»3950 is about 
the limit. 

On the whole, I think it perfectly safe to conclude that chicks do not have a 
spectrum shortened at the violet end, nor yet do they show any special sensi- 
tivity in the violet. The experiments of Hess* and of Eatz and R^tef 
lead them to believe that the chick is practically blind to Uue and violet ra3r8. 

Tablb 31. 



X-4050. 


No. of 
trials. 


Animal. 


Percent 
ooireot. 


6 
6 


D 
R 


100 
100 



ChiokG. X-3950. 


No. of 
trials. 


Position 
of light. 


Animal's 
reqjMnse. 


Remarks. 


1 


Left 


Left 




2 


Left 


Left 




3 


Right 


Right 


10 seconds after turning out light. 


4 


Right 


Right 




6 


Right 


Right 




6 


Left 


Left 




7 


Left 


Right 


5 seconds after turning out light. 


8 


Right 


Right 




9 


Left 


Left 


10 seconds after turning out light. 


10 


Left 


Left 




11 


Right 


Left 


5 seconds after turning out light. 



As will be seen by the later experiments reported in this paper, the chicks are 
probably as much stimulated by these rays as the human being. It is barely 
possible that the difference in the strain of chick used is responsible for the 
differences in our results. I think, however, that their method of allowing 
the chick to pick up grains of food illuminated by the different rays is a faulty 

*Hess, C. Untersuohungen Qber lichtsinn und Farbensinn der Tagvogel. Arohiv f. Augen- 
keUkunder, Bd. 57, B. 317. 

tKata und R6vte. Ezperimentell-Psyohologisohe Untersuohungen mit Huhner. Zeit. f. 
Psy., 1009, S. 93. 
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one. In my experiments, where a large stimulating surface was used, the ques- 
tion of visual acuity does not enter in. It does unquestionably in their work. 
Furthermore, their work requires a reaction which runs counter to the chicks' 
ordinary habits. The birds in daily life constantly have occasion to pick up 
greenish-yellow grains, yellow grains, and reddish-yellow grains, but rarely 
or never blue and violet grains. 

RELATIVE STIMULATING EFFECT OF MONOCHROMATIC LIGHT. 

While at work upon the limits of the spectrum, it occurred to me that, since 
the chicks were already trained by this work on the extremes of the spectrum 
to respond to faint stimulation by light, it would be advisable to extend the 
scope of the experiment so as to obtain the curve of the relative stimulating 
effect of light of different wave-lengths. Such a curve has never been ob- 
tained hitherto on animals. It has been worked out for man under several 
sets of conditions — ^for the light-adapted eye, for the dark-adapted eye, and 
for eyes possessing various abnomudities in sensitivity to monochromatic 
light. This work, even on man, has been done in general with very poor 
physical controls. There is general agreement that the maximal sensitivity 
for the light-adapted eye lies in the region of the yellow-green, and for the 
dark-adapted eye in the bluish-green. 

Furthermore, it is desirable to test the question whether the course of such a 
curve, when obtained in the chick, will be like that found in man. Comparison 
can be made only when the data for the two curves have been obtained under 
similar conditions. 

Oiu* procedure in obtaining the curves shown below was as follows: We 
first obtained refinement of the monochromatic light by the use of the auxiliary 
spectrometer (p. 88). Each monochromatic bundle before being admitted to 
the dark room was made to bear a standard amount of energy. The thresholds 
for the animals were then obtained by cutting down the energy of the light 
by means of the Brodhun sector. Since the different bundles worked with all 
have the same initial energy when admitted, the sensitivity curve can be 
plotted throughout the spectrum directly from the angular opening of the 
sector just sufficient to produce a response at the given wave-length, or as is 
more usual from the reciprocals of these values. In the curve these sector 
values are averaged for the three chicks. 

The method of obtaining the chick's response was similar to that used in 
the work on limits. The apparatus was set for work at a given wave-length. 
The motor driving the Brodhun sector was started and left running during the 
whole course of the experiment. The intensity of the light falling on the 
stimulus patch was at first high (full 140 mm. of the Brodhun sector, but with 
the smoked glass in place). The chicks were given 10 minute' complete 
darkness adaptation, then the tantalum light was turned up for 5 seconds, then 
came a wait of 5 seconds in complete darkness. The door to the reaction 
chamber was next raised and the chicks were allowed to respond. The stimu- 
lus on the first trial was always well above the threshold. On the second trial 
the angular opening was made considerably smaller; and on the succeeding 
trials, still further decreased, until at last a break-down occurred, i, 6., the chick 
refused to respond, or else waited long past the usual time for response, for 
adaptation to increase the stimulating effect of the light. I tried to regulate 
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the steps so that a satisfactory value could be obtained and verified in the 
course of 12 to 16 trials. In several cases where doubt of the correct setting 
of the sector was possible, I delajred advancing on the following day to a new 
wave-length, in order to be able to repeat the experiments. It was not deemed 
advisable to use an ascending series of steps in this work, t. a., to start below the 
threshold and gradually increase the intensity of the light until positive 
response was obtained (for fear of onset of position habits). If more time 
could have been given over to the experiment such a technique would unques- 
tionably have been possible. 

After the day's experiments upon the three chicks were over (the experi- 
ment lasted roughly an hour) my own threshold was taken. My wife adjusted 
the sector. The procedure was as follows: My eye was kept 1 meter from the 
plaster surface; the tantalum light was turned up for 5 seconds. While it was 
on I glanced at a neutral gray paper during the first 4 seconds (in order to 
avoid strong after-image). On the fifth count (metronome) I again fixated the 
plaster surface and shut my eyes while the light was turned out for 5 seconds. 
On the sixth second I opened my eyes and observed the plaster surface. If 
it were visible the experiment was repeated until the plaster surface was not 
visible immediately upon opening my eyes. This was repeated five times 
with ascending series and five times with descending series and the results were 
averaged. 

Table 32 shows the actual sector openings for chick and man and the re- 
ciprocals of those values. 

Table 32. 



Wave- 


In chick. 


In man. 










length. 


Sector open- 


Recip- 


Sector open- 


Recip- 




ing. 


rocal. 


mg. 


rocal. 


*660|iM 


870.00 mm. 


.0011 


900.00 mm. 


.00111 


600 


10.72 


.0932 


7.36 


.1358 


680 


9.90 


.1010 


2.82 


.3546 


550 


1.52 


.6578 


.54 


1.8518 


520 


1.40 


.7142 


.42 


2.3809 


480 


1.98 


.5050 


.95 


1.0526 


452 


2.66 


.3759 


1.82 


.5494 



The curve (fig. 10) is plotted from the reciprocals. It is clear that the 
higher the energy required for any given monochromatic light to stimulate 
the retina, the less the sensitivity of the retina to that light; that is, the recip- 
rocals of the energy value (1/c, where e equals the energy necessary for stimula- 
tion) will, when plotted against the wave-length, give the usual form of a 
sensitivity curve. 

In examining the curve it is well to remember that the higher the point on 
the curve is above the base line, the less is the energy required to produce 
stimulation. In this work we do not know in absolute terms (ergs) the stan- 
dard energy carried by each beam with which we worked, but we do know that 
all beams had the same initial energy and consequently that the final sector 

*The opening at 660 /i|a is of course merely proportional. At all other wave^eogtha a amoked 
wedge waa used after the energy was calibrated, the tranflmiaaion curve of which, from 396 iim to 
760 /Ml. waa known (calibrated by Bureau of Btandarda). At 660 /i|a the effidenoy waa so low 
that the wedge had to be removed. 
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opening at which the various thresholds were obtained are all directly compar- 
able and proportional to the absolute energy required for stimulation. 

The relative stimulating effect of the different regions of the spectrum for 
the (partially) dark-adapted eye appears clearly in the curve. The mftTJinMm 
efficiency for both chick and man is found at X«5300, which agrees fairly 
closely with what previous work we have upon man.* From the mATimftl 
point one finds a decrease in efficiency in passing toward either end. It is 
unfortunate that the calibrating of the selenium cell did not enable us to make 
tests with wave-lengths shorter than X=4500. The decrease in efficiency is 
enormous as one reaches the red. While in every r^on except red the curve 
of the human lies higher above the base-line 
than that of the birds, it is questionable 
whether the human has a lower absolute 
threshold than the chick. The method of 
obtaining the threshold of response for the 
chick here used was a rapid one. If more 
care had been taken and the absolute thresh- 
old had been desired, there is little room for 
doubt that the curve for the chick would 
more nearly coincide with that of man. I 
draw this conclusion from numerous chance 
experiments, some of which are cited in the 
text. A separate investigation for each 
wave-length would be required to thor- 
oughly work out the absolute threshold 
values for chick and man. At X==6600 the 
present curve shows that the threshold of 
stimulation Is lower in the chick than in 
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man. 



Fio. 10. — Senaitivity Curve (dark- 
adapted eye). A, chick; B, man. 
The ordinate shows the reciprocal 
(1 mm. » .01) of energy value 
necessary to produce reaction at 
the wave-length given on the ab- 
scissa. 



RfeUME OF RESULTS OF STUDY ON CHICK. 

(1) The limit of the chick's spectrum at the red end lies probably between 
X = 7000 and X = 7150; at the violet end between X = 3950 and X = 4050. The 
limits for the human eye have been found to lie between X = 4000 and X = 7600. 
These limits are flexible and depend somewhat on the absolute intensity of 
the light and necessarily upon the state of adaptation. Beyond these limits, 
visual responses are completely lacking. Unless the retinas of other day birds 
show sensitivity in the red far beyond the point at which response ceases in the 
chick, any theory to account for homing such as that of Duch&tel remains 
without scientific support. 

(2) The curves for man and chick showing the relative stimulating effect 
of different regions are similar throughout their course, except in the extreme 
red. 



*See the work and historical summary of A. PflQger, Annalen der Physik, 9 (1902), pp. 185-208. 
As will be seen, the curve obtained from the human subject here used shows only one masdmom. 
In most of Pfldger's work there is evidence of a secondary maximum. While his work was 
apparently much more carefully controlled than my own, I am convinced that the secondary 
maximum obtained by him is due to some failure properly to control the energy of the stimulus 
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LIMITS OF SPECTRAL SENSITIVITY IN THE HOMING PIGEON. 

At the time of completing the foregoing experiments up>on the chick no hom- 
ing pigeons of suitable age and stock could be found. In the fall of 1914 work 
was begun upon 4 young homing pigeons whose parents had '* flight diplomas/' 
but only one of them proved suitable for work. All were purchased when 3 
weeks of age and were immediately given the preliminary exercises in the 
box shown on page 89. We experienced great difficulty in getting any of the 
pigeons to form the habit of passing completely around to the food. One 
pigeon, after several months of preliminary practice, during which tests were 
given daily, began to work steadily. By January 10, 1915, controlled ex- 
periments were begun. This bird was trained on yellow and green. It was 
found that while the pigeon was positive to light, it was not so automatic in 
its responses as the chick. After sufficient training, however, this pigeon became 
as invariable in its reactions to the light as the chicks. In the following 
account the tests on the intermediate parts of the spectrum are only sum- 
marized. As we approach the limits at the two ends the tests are given in detail. 

LIMITS AT THE VIOLET END. 

January 10, Eight tests on X «5500 were made. Only 1 ernnr appeared.* 

January 12, Eight tests on X »5060 were given, with no errors. 

January 16, At wave-length X «4780: with slit in oollimator open to 1 mm. and slit in 
objective open to 1.5 mm., the following tests were given, wiUunU previaudy dark-adapting 
the pigeon or allowing a period of adaptation after light was turned out (for method see p. 90). 
This test was made to get rafud (mentation as to sensitivity of pigeon to light rays of short 
wave-length. The results were: 



(1) Light on left side, wrong response. 

(2) Light on left side, wrong response. 

(3) Light on right side, right response. 



(4) Light on left side, wrong response. 

(5) Light on left side, wrong response. 



Since a right position habit developed, I broke off the tests. It is evident 
that under the given conditions the light no longer controls the response. 
From this it would seem clear that there is no extreme sensitivity to violet rays. 

January 16. Wave-length decreased to X >-4d80. Animal toos dark^adapUd for 16 
minuteSj and SO seconds adaptation allowed before light uhu exposed. Complete record as 
follows, with a result of 77+ per cent correct: 



(1) Light on left, wrong response. 

(2) Light on left, right response. 

(3) Light on right, right response. 

(4) Light on right, right response. 

(5) Light on left, right response. 



(6) Light on left, right response. 

(7) Light on right, right response. 

(8) Light on right, right response. 

(9) Light on left, wrong response. 



Under conditions of the above test it is evident that although the limit is 
not yet reached, the light has very low stimulating value. 

January 17, Wave-length changed to X -4580; 15 minutes adaptation and 30 seconds 
adaptation before admitting light. 88+ per cent ocNrect. 



(1) Light on right, response right. 

(2) Light on left, response right. 

(3) Light on left, response right. 

(4) Light on left, response right. 

(5) Light on left, response right. 



(6) Light on right, response wrong. 

(7) Light on right, response right. 

(8) Light on left, response right. 

(9) Light on right, response right. 



*In all of the tests recorded here the purified spectrum of Helmholts was used (p. 88). Unless 
otherwise noted, a Nemst glower burning at a constant amperage was used as a source. For 
general illumination (during feeding, etc.) a 40-watt tungsten was substituted for the tantalum 
light of the previous paper. 
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The responses were exceedingly rapid. The one error was probably caused 
by giving 4 tests on left side, and then changing. 

January 18, By referring to the woik on the chide it will be seen that the standard 
oondition was 10 minutes di^ adaptation and 5 seconds adaptation before exposing light. 
In the test below the slit in the collimator (Si) was narrowed to 0.5 mm. and the slit in the 
objective (S^) to 1 mm. Wave-length was changed to X »4350. Under these more difficult 
conditions the results were 28+ per cent correct. 



(1) Light on left, response wrong. 

(2) Light on left, response right. 

(3) Light on right, response wrong. 

(4) Light on right, response wrong. 



(5) Light on left, response right. 

(6) light on right, response wrong. 

(7) light on right, response wrong. 



Under such conditions the stimulating effect is not sufficient to control 
reactions. In this case the light was not visible to me, but it became visible 
when 17 seconds adaptation was allowed between turning out of light and 
exposure of stimulus. 

January 19, Animal was again tested under same conditions, except that I waited before 
admitting animal until light became dearly visible to me. The seconds noted in first colunm 
give periods of adaptation before admitting animal. Results: 



50 sec. light on right, response right. 
35 sec. light on left, response right. 
45 sec light on right, response right. 
40 sec. Light on right, response wrong. 
30 see. Light on right, response right. 



35 sec. Light on left, response right. 
30 seo. Light on right, response wrong. 
40 sec. light on right, response wrong. 
40 sec. Light on right, response wrong. 



Since left position habit was setting in, I next widened slit in collimator to 
1 mm. and allowed 60 seconds for adaptation. Light was visible to me at 
end of 10 seconds. 

Light on right, response wrong. 

I next opened slit in objective to 2 nmi. (light visible to me at end of 4 
seconds) and allowed 60 seconds adaptation. 

Light on right, response right. 
Light on right, response wrong. 

It is evident that we are working here on threshold at the present intensity. 
Again the tests show clearly that there is no very great sensitivity to the 
violet — that the pigeon's retina is even less sensitive than the human retina 
to those rays. 

January BO, I next tried the effect of greatly increasing the intensity of the light. 
The automatic B. & L. arc was used as a source instead of the Nemst: slit in collimator 
changed to 0.5 nun., slit in objective to 1 nun. The light so obtained was deariy over my 
threshold the moment it was exposed. Results: 



(1) light on right, response right. 

(2) light on right, response right. 

(3) light on left, response right. 



(4) Light on left, response right. 
(6) light on right, response wrong. 
(6) Light on right, response wrong. 



Up to this point a 30 seconds adaptation period was given. Since the last 
two tests gave wrong responses, I increased adaptation to 60 seconds. 



(7) light on right, response right. 

(8) light on left, response right. 



( 9) light on right, response right. 
(10) light on left, response right. 



In this series it is clear that the limit of spectral sensibility has not yet been 
reached. 
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JwMuarytl. In order that we may readily roaoh the limits with tfie aji^ J ehi^ 
length toX - 40M), with aU other oooditkmsaa in the test (m January W,^tocoei^ 
in the collimator was opened to 0.75 mm. 

25 aeo. light on lelt, rwponse right. 

90 seo. Lif^t on rig^t, rwponse right. Hen- 

tat«d 20 seo. before eUrting. 
27 see. li^t right, response wrong. Hesitated 

15 see. 
40 see. Lif^t right, response wrong. Hesitated 

15 see. 
40 seo. Light on left* response right. Evident 

that lelt position habit is forming. 



30 see. Lif^t on right, re^Kmsa^wvoii^ 

55 seo. Lif^t on ri^t, response ri^^' •' . 

35 seo. Lif^t on left, response right. * l^eeilated 

22 see., then first went wrong anil then 

turned to left. 
30 see. li^t right, response wrong. Hesitaiec}-' 

25 see. 
33 see. Light rii^t, response wrong. 
30 seo. li^t left, response right. 

On analysiB it will be found that on all (tf the trials except two the bird went 
to the left side. As brfore, the first column shows the number of seconds 
required to bring the light dearly over my threshold. Since this was the 
greatest intensity of light which I could obtain with any purity, and since, 
further, the results seem reasonably clear, I decided not to make further tests 
on the videt region for fear of setting up a troublesome position habit (which 
would interfere with the work in the red region). The above tests show with* 
out further discussion that X»4050 under the given conditions is beyond the 
pigeon's limit of spectral sensitivity. Since the tests on January 19 show that 
at highest intensity Xa4350 is not beyond the limits, it follows that the limit 
lies somewhere between X»4350 and X»4050. The pigeon is somewhat less 
sensitive to violet rays than is either man or chick. To completely work 
out this decrease in sensitivity in quantitative terms, while a fruitful problem, 
is beyond the scope of the present work. 

UMITS AT THE RED END. 

January ft. In the tests on the sensitivity in the red region the Nemst was again used 
as the source. The slit in the odlimator was set at 0.5 mm. and in the objective at 1 mm.; 
10 minutes adaptation before beginning the tests was allowed and 10 seconds adaptation 
was allowed on eadi trial after the h^t was turned out before exposing stimulus light. 
Reading: X - 6350. 



Color right, response right. 
Color rii^t, response wrong. 
Color left, response right. 
Color right, response right. 
Color ri^t, response right. 
Color left, response rii^t. 



(1) 
(2) 
(3) 
(4) 
(5) 
(5) 
Has broken 

to work. 



( 7) Color right, response right. 
( 8) Color rii^t, response right. 
( 9) Cokw left, response right. 

(10) Color left, response ri^t. 

(11) Color rii^t, response right. 



n habit carried over from violet. Animal hesitated at first and did not 



We thus see that changing directly from violet end, where left position habit 
was formed, to red end, resulted in the breaking of position habit. This 
confirms our results of the previous day in a striking way. The 1 ight now Ijring 
within the bird's range again controls the response. 

January f9. X » 6840; otherwise conditions same as above, except that slit in the colli- 
mator was opened to 1 mm. 63 per cent correct. 



28* see. li^t rii^t, response right. 
18 see. Light left, response wrong. 
18 seo. Light left, response rii^t. 
20 see. Light right, response wrong. 
22 sse. Light right, response right. 
18 see. Light left, response right. 



16 
20 
22 
20 
25 



Light left, response right. 
Light rii^t, response wrong. 
Li^t right, response right. 
Light left, response right. 
Li^t left, response wrong. 



•Flnt eohunn shows time required for the observer to sse light. Stimulus light wss then 
expoeed to animal. 



102 



HOMING- AlCD RELATED ACTIVITIES OF BIRDS. 



Under thesc^ fsp&ditions we find evidence that the light is exerting only a 

slight stim\tfatii|g efifect. While the responses are only 63 per cent correct, 

the fact that ho pronounced position habit developed is the most significant 

evident J9!iat the light lies within the animal's range. 
« • • • 

Jdtntjidrif 24* I tried the pigeon on the same wave-length, but increased the intensity of 

tk^ spectrum by using the arc light as a source. The slit in the odlimator was closed to 

. '.^ O.Q^*mm. The light was over my threshold (with light-adapted eye) the moment it was 

. \ /.'••exposed. Results: 



• • • 



Light left, response right. 
Light right, response wrong. 
Light right, response wrong. 

In the above tests, since the light was so intense, I allowed only 10 seconds adaptation. 
Since a left position habit was forming, I increased the adaptation period to 30 seconds. 
70 per cent correct. 



Light right, response right. 
Light left, response right. 
Light right, response wrong. 
Light right, response right. 
Light right, response right. 
Light right, response wrong. 



Light left, response right. 
Light right, response right. 
Light left, response right. 
Light right, response wrong. 
Light right, response wrong. 



Since there was a left-position tendency growing I decided to retrain on 
X=5800 (which was employed in the early training work). 

January 26, Nemst lamp is the source. Slit in collimator 0.75 mm. Object of test, to 
see if position habit carried over to a situation where the stimulus was known to be effective. 
X » 5800. Responses, 70 per cent correct. 



Light right, response right. 
Light left, response right. 
Light right, response wrong. 
Light right, response right. 
Light right, response wrong. 
Light right, response right. 
Light right, response wrong. 
Light right, response right. 
Light right, response wrong. 



Light left, response right. 
Light right, response right. 
Light right, response right. 
Light left, response right. 
Light right, response wrong. 
Light right, response right. 
Light right, response right. 
Light right, response right. 
Light right, response wrong. 



This was an extremely diflScuIt series in view of the fact that all but three 
trials were given on the right side. Even granting this, it is obvious that 
animal needs further training to remove position habit. 

January 26, Conditicms as above. 



Light right, response right. 
Light left, response right. 
Light right, response wrong. 



Light right, response right. 
Light left, response wrong. 



The last trial shows that left position habit has given way and that the 
large number of trials given on the right during the preceding day ia tend- 
ing to give a right position habit. From now on light alone should control 
response. That such is the case appears from the results of the remainder 
of the test, which gave 90 per cent correct. 



Light right, response right. 
Light right, response right. 
Light left, response right. 
Light right, response wrong. 
Light right, response right. 



Light left, response right. 
Light right, response right. 
Light right, response right. 
Light left, response right. 
Light left, response right. 
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The position habit has been corrected and the animal is once more automatic 
in its responses. 

January t7. X « 7120. Arc lamp; other conditicHis as on January 24. In to-dajr's aeries 
in^^ad of again trying animal on X » 6840,at which point a position hal»t began to appear, 
I gave light somewhat further along, X » 7120. 

After adjusting the intensity ci the light so that I could see it (10 minutes adaptation) 
20seo(mds after tungstenlight was turned ofif, the following results were obtained; 100 per 
cent ccHTect: 



Light left, response right, 
light right, response right, 
light left, response right. 



Light right, response right. 
Light left, response right. 



In the above I had the slit in the collimator at 0.75 mm., which is too wide 
of course to give a very ''pure'' spectrum. I next narrowed this slit to 0.5 mm. 

light right, response right. 
Light left, response wrong. 
Light left, response right. 

In the three trials last considered the animal began to wait from 1 toSminutes 
to respond. Fearing another breakdown, I again opened the slit to 0.75 mm. 



li^t right, response right. 
li^t left, remwnse right. 
Light right, response right, 
light right, response wrong. 



light right, response right, 
light left, response right, 
light left, response right. 



There can be but little question of sensitivity here when the intensity is 
great. The breakdown at X=6848 was unquestionably due to the position 
habit. In the present series, the slit is so wide that it can not be determined 
whether the animal is reacting to the wave-length 7120 or to those slightly 
shorter which are undoubtedly present in the beam. It is hardly worth while 
to try to determine the limits any more accurately. The extreme red rays have 
little stimulating effect and the slits have to be opened wide in order to obtain a 
ray of sufficient intensity to call out response. Under such conditions we can 
no longer guarantee the purity of the light. One crucial test remains, however, 
vis, to give the animal the opportunity to react to rays beyond the (human) 
visible spectrum. 

January t8. X » 8000. Arc lamp as source. Collimator slit opened to 1 mm. and slit 
in objective to 1.25. The wave admitted ranged probably from 7700 to 8100. That the 
infra-red rays were falling upon the plaster surface was determined by the use of the selenium 
oelL No light was visible on plaster surface to me (or to Dr. Lashley) even after long 
darkness adaptation. Large deflections in the galvanometer were noticed whenever the 
selenium cell was brought in immediately above the plaster surface. One series of 10 trials 
was given. The order of the series was determined in advance by the throwing of a die. 
The results were as fc^ws: 



Light right, response wrong, 
light left, response right. 
Light right, response wrong, 
light right, response wrong, 
light left, response right. 



light right, response wrong, 
light right, response wrong, 
light right, response wrong, 
light left, response right, 
light left, response right. 



Again we see the onset of a pronounced position habit. The animal went 
to left side on every iridic regardless of position of light. 
I then gave the animal immediately X«5700. 

Light ri^t, reqiwnse wrong. 



104 HOMING AND RBLATBD ACTIVmSS OF BIRDS. 

The position habit was carried over for this one trial, then gave way as 
follows, 100 per cent correct: 



li^t right, reipoiiM right, 
li^t right* response right. 
Light ri^t, response right, 
li^t left, response right. 
Light right, reqiwnse right. 



lif^t right, response right, 
lii^t left, response right, 
lii^t rii^t, response right. 
Light left, response right, 
light right, response right. 



The results from all of the tests seem conclusive to the author. Somewhere 
in the neighborhood of Xs7120, under the conditions of the present test, we 
find the limits of sensitivity. This is practically the limit we obtained for 
the chick (see p. 94). 

R^SUM^ OF TESTS ON PIGEON. 

(1) The range of spectral sensitivity in the homing pigeon lies approxi- 
mately between X»4^0O and X=7120. It was not our purpose to determine 
the limits with any great degree of exactness, since they are dependent to 
some extent up>on adaptation and up(m the absolute intensity of the ray of 
light exposed. 

(2) The homing pigeon is not sensitive to infra-red rays, at least to those 
which have approximately a length of X»8000. Since neither a quarts nor 
a rocIcHsalt prism was at our disposal we could not give an ultra-violet light of 
any intensity. The evidence on the violet end is clear, however, in view of the 
fact that the efficiency of the violet rays falls ofif apparently somewhat more 
rapidly for the pigeon than even for man. 

(3) Hess is unquestionably wrong when he states that the pigeon is "blind 
to blue and violet." We have shown the contrary quite clearly, even in the 
notes which we have presented in this paper. Our unpublished data show 
that this animal is sensitive to all wave-lengths between the limits expressed 
in (1) above. 

(4) The young pigeon is positive to light, but is not so automatic in its 
responses as the young chick. 
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THE ACQUISITION OF SKILL IN ARCHERY. 

The great majority of experiments upon habit formation in man have dealt 
with fmictions involved in implicit behavior; functions connected chiefly with 
the speech mechanisms have received most attention. Improvement in such 
activities as addition, translation into code or from code, solving mechanical 
pussies, checking letters on a printed page, or memorising word material is 
due almost wholly to increase in complexity of language habits. Practice 
in typewriting and musical technique is, in the banning, followed by the 
formation of implicit* habits which later are dropped out to leave cmly the 
direct sensory-motor reactions from eye to fingers. Improvement in writing 
and in telegraphy probably involve similar changes. In the study of all such 
functions in human adults the subjects have already, at the beginning of the 
experiments, a vast number of constellations of habits in the implicit systems 
which have more or less in common with the problem offered by the experi- 
mental situation and may influence the course of learning in unknown ways. 
This is illustrated by the relation between the fullness of ''meaning'' of word 
material (i. e., the number of habits in which the material is already involved) 
and the ease with which it is learned. 

The existence of such complex systems of implicit behavior with their 
equally complex relations to overt activity makes it difficult to distinguish the 
different functions improved in learning, or to say whether a given amount of 
improvement is the result of a gradual coordination of many unrelated habits 
or of the simpler union of a few constellations of habits; whether the practice 
is distributed over a large number of nervous changes or is concentrated upon 
the fixation of a very few new neiu^ pathways. For an insight into the mech- 
anism of habit formation some simple, more direct sensory-motor associations 
must be studied, particularly such as permit of the control of related functions, 
metabolism, etc. This is best accomplished with animals, as they may be 
subjected to more vigorous training methods than is possible ^th man, but 
some types of learning in man, free from the complications of language habits, 
must be studied before the extension of the results obtained with animals to 
man will be completely justified. The activities studied by Bair (tossing shot) , 
Whitley (tracing the smooth maze). Swift (tossing balls). Wells (tapping), and 
Partridge (inhibition of the winking reflex) call for the formation of relatively 
simple motor habits, but have the disadvantage of giving little to interest the 
subjects and probably offer a weaker stimulus to learning than is provided 
by more complex activities. 

In the spring of 1913 Dr. J. B. Watson suggested archery as a means of 
studying habit formation in man which would in part avoid the complexity 
of language habits. Material for practice in archery was obtained and a pre- 
liminary experiment was begun by him at the Marine Biological Laboratory of 
the Carnegie Institution of Washington on Loggerhead Key, Tortugas. The 

*The tenn **implidt** is used in the sense defined by Watson (1914) as a oommon name for the 
movements, too sli^t for detection, which se em to bridge the gap between external stimulus 
and overt reacti o ns when more than a single reflex is involved. 
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chief object of this experiment was to test the value of the method and to work 
out the technique of experimentation, but the range of the experiment was 
extended to include a comparison of the rate of improvement in two groups 
of men differing in certain respects, to be considered later. The writer acted 
as subject and assisted in conducting this experiment. During the spring 
of 1914 the range described below was constructed on the grounds of The 
Johns Hopkins University and the experiments were continued in a study of 
the relation of the rate of improvement to the distribution of practice. 

I wish to express my very great indebtedness to Professor Watson for the 
unrestricted use of the data obtained at the Tortugas, for the main features in 
the design of the apparatus employed in the later work, and particulariy for 
his generous advice and assistance throughout the experiments. 

My thanks are due also to Dr. Alfred G. Mayer for his interest in the work 
and for permitting his laboratory staff to devote their time to it. 

Finally, I owe a great deal to the people who have taken part in the experi- 
ments, particulariy to those in the "5-shot group, " whose regular practice for 
many weeks was carried out at no small inconvenience to themselves. 

EQUIPMENT. 

The equipment used in the Tortugas experiments consisted of bows, arrows, 
target, screen to mark the results of wild shots, and a shield for the experi- 
menter near the target. The arrows were of good quality, 28 inches in length. 
The bows were of lemon wood, 6 feet in length, and requiring a pull of 44 
pounds to draw the arrows to the head. An arrow properly discharged from 
such a bow will pierce a half-inch pine board at a distance of 40 yards and 
has an almost flat trajectory for that distance. The target was the official 
48-inch target of rye straw faced with white canvas, on which was painted a 
10-inch black bulls-eye. It was mounted on a metal tripod so that the center 
of the buUs-eye was 4 feet from the ground. 

The length of the range used in all the experiments was 40 yards, at which 
distance the bulls-eye subtends a visual angle of 33^ The tiu^t was set up 
at the foot of a sand-bank, which served to stop the arrows passing the target. 
As b^inners rarely hit the target at this distance, some method of recording 
the distance of wild shots from the bulls-eye was necessary. For this purpose 
a muslin screen, 14 feet square, was erected around the target. The arrows 
made holes in the cloth and the distance from these to the center of the 
bulls-eye was taken as the record of the shots. This made it necessary to 
measure each shot as soon as it was fired, a method which proved neither 
convenient nor safe. 

The method employed in the first experiment was the following: The sub- 
ject was given instruction by word and example of the method of nocking, 
drawing, and loosing the arrow, but was told nothing of the method of aiming, 
the choice of a point of aim, or the general bodil}' position in aiming and loosing. 
He had to find out for himself how to aim, to prevent the bowstring from 
catching on his clothing or arm, to allow for the curve of the arrow's trajectory, 
to counteract the kick of the bow by increased tonus of the flexors of the left 
arm, together with the large number of finer details which make for accuracy. 
After the first instruction he was given a bow and 12 arrows and sent to a 
point 40 yards in front of the target, where he stood alone and loosed the arrows 
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at intervals of 2 minutes, or in each ease as soon as the preceding shot had been 
measured and recorded. Twelve shots were fired thus each day for 30 da3rs. 
The subjects had no opportunity to observe each others' methods of shooting 
from a distance of less than 40yards. Discussion of methods of shooting was 
prohibited, but not with perfect success. The result of each man's practice 
was posted daily and for group B (page 111) a prize of $5 was offered to 
the subject making the best score on the greatest number of days. 

For the continuation of the work in Baltimore a safer and more convenient 
range was necessary. A plot of open ground, 40 yards in length by 8 in width, 
was laid out and the buildings shown in plate 8, figures 1, 2, and 3, were put 
up at opposite ends of this. The small shed (figure 2), which serves to pro- 
tect and isolate the subject, is 12 feet high and 12 feet wide by 8 feet deep. It 
is equipped with racks for arrows, bows, etc., and a small telescope for use in 
rifle practice. The target shed is somewhat larger, 14 feet high by 12 by 12 
feet (plate 8, figures 1 and 3). Three feet back from the open front of this shed 
is a pile of baled straw, packed tightly from the floor to the roof. The space 
behind this straw partition is used for the storage of extra equipment. The 
front of the shed is provided with large swinging doors, padded on the inside 
with heavy quilted canvas mats. When these are opened, as in the photo- 
graphs, a surface 14 by 24 feet is exposed, which will catch and hold the arrows 
wherever they strike. The 4-foot straw target is mounted in the center of 
the baled straw and a 10-inch paper bulls-eye marks the center of this. Plate 
8, figure 1, shows the appearance of the target-shed from the opposite end 
oif the range. 

In the main experiment rifle practice was used as an index of the relative 
ability of the subjects under the same conditions of practice. An efficient 
single-shot air-rifle was used at a range of 40 yards. The 4-foot steel-faced 
target used with this is shown in plate 8, figure 3. A constant supply of 
pi^r targets was provided, a separate one being used for each subject's daily 
practice. The entire equipment could be swung out of the way readily in 
prq)aration for arrow practice. As the bullet holes in the paper are not 
clearly visible at 40 yards it was necessary for the experimenter to watch the 
target through a telescope and report the position of each shot to the subjects. 

COMPUTATION OF AVERAGES AND COMPARISON OF INDIVIDUAL 

AND GROUP RECORDS. 

A series of records of shots with the bow or rifle invariably shows a great 
range in the accuracy of the shots, even in the case of subjects who have 
acquired a considerable degree of skill. With increasing skill the range of 
variation decreases, but the relative amount of variation as measured by the 
coefficient of variation remains practically constant. This is illustrated by 
the record of one subject given in table 33. 

Some of this variation may be the result of the learning process itself (the 
successive trial of different methods), but the greater part of it is certainly due 
to chance external agents, such as variations in the strength of the wind, 
weight of the arrows, tightness of the nock on the string, tension of the bow, 
temperature, and extent of fatigue. As a result the average of any small 
number of shots does not give a fair measure of the skill of the individual, and 
the use of such averages as a measure of the initial and final accuracy and 
amount of improvement does not lead to trustworthy results. 



112 



THE ACQUISITION OF 8KILL IN ARCHBRT. 



In computing the relative progress of the groups it has been found neoessaiy 
to omit the record of the writer as involving a different type of learning, and 
hence not fairly comp>arable with other records. Acting both as subject and 
as experimenter, the writer was forced to read such instructions on the use of 
the bow as were available, and to question the other subjects as to their 
methods of aiming and loosing. From this it followed that many of the 
adjustments which the others must make by the method of trial and error 
were reached by him directly through the mediation of preexisting language 
habits. The advantage of this learning with instruction is shown in figure 13, 
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Fio. 13. — ^Raie of improvement with and with- 
out instruction. The heavy line is the learn- 
ing curve of a subject who received detailed 
instructions. The lighter lines are typic«J 
curves of learning without instruction. Or- 
dinates, distance from the bulls-eye in 
inches; absc i ss g , successive shots arranged 
by twenties. 

where the experimenter's record is compared with 3 other typical curves of 
learning without instruction. (In this figure, as in all the following learning 
curves, the ordinates represent the average distance from the bulls-eye of suc- 
cessive groups of 20 shots plotted on the abscissse.) 

Tabli 35. 





Group A. 


Group B. 


1 to 180 shots 


inchea, 
55.78 
44.80 


fflC^. 

56.01 
45.77 


181 360 shots 


Absolute improvement. 


10.98 


11.14 
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The scores of the two groups, this one record being omitted, are given in 
table 36 and graphically in figure 14. If the averages of the first and last few 
shots are taken as indices of the total improvement, there is a fairiy large 
difference in the amount of improvement shown by the two groups. The 
average, in inches from the bulls-eye, of the first and last 40 shots are given in 
table 34. 

These averages make it appear that the laborers made the greatest absolute 
improvement, while the investigators showed the greater initial and final skill. 
From the appearance of the learning curves, it seems probable that the aver- 
ages of the first and second halves of practice give the truer view of the skill 
and improvement of the two groups. These averages are given in table 35. 

Tabli d^.—Average diilanee from bulU-eye of tueoeuwe group* of 20 shoU, for tu>o tmiike 

group* of men under Hke condUionB cf pracHee with archery. 



Shots. 


4 
laborers. 


3 inves- 
tigators. 


ShoU. 


4 
laborers. 


3 inves- , 
tigators. , 


Shots. 


4 
laborers. 


3 inves- 
tigators. 


1 to 20 


80.2 


66.1 


121 to 140 


40.3 


50.0 , 


241 to 160 


50.9 


46.8 


21 40 


70.4 


54.2 


141 160 


49.2 


47.5 


261 280 


43.4 


46.5 


41 60 


40.4 


57.7 


161 180 


54.3 


59.1 


281 300 


44.7 


48.7 


61 80 


50.6 


58.2 


181 200 


48.9 


48.8 


301 320 


38.7 


43.2 


81 100 


54.0 


62.8 


201 220 


46.9 


46.9 i 


321 340 


48.8 


31.1 


101 120 


53.0 


46.3 


221 240 


45.8 


44.9 


' 341 360 


44.8 


46.2 



From this it i^pears that there is no significant difference, either in the 
absolute accuracy or amount of improvement shown by the two groups of men 
shooting under the same conditions. 

DISTRIBUTION OF PRACTICE AND RATE OF LEARNINa 

PURPOSE AND METHOD OF THE EXPERIMENT. 

A year after the end of the experiment just described, with the completion 
of the Baltimore range, the work was taken up again in a test of the effect of the 
distribution of practice up>on the rate of improvement. 26 subjects were 
distributed in 4 groups, shooting daily 5, 20, 40, and 60 arrows respectively. 
Owing to irregularity in attendance of some of the subjects, only 19 records 
complete to more than 300 shots were obtained, and this fact accounts largely 
for the differences in the number of subjects and composition of the different 
groups. 

The method employed in the experiments carried out in Baltimore was not 
greatly different from that used in the Tortugas experiment. The subjects 
were given only as much instruction as seemed necessary to prevent accident. 
They were forbidden to discuss their methods of shooting or to seek outside 
instructions, and in his attempts to follow the various steps in the learning 
process the experimenter avoided, as much as possible, asking questions which 
might give the subjects a clue to better methods of shooting. In one respect 
the technique of the later experiment differed from that of the earlier. The 
subjects were practically all volunteers and so interested in each other's shooting 
that it was foimd impossible to prevent them from watching each other 
practice. This gave a considerable opportunity for imitation, which was not 
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offered in the first experiment. The problem of imitation is considered on 
page 118. Rivahry between the various membersof the groups was encouraged 
and the daily averages were posted on a bulletin board in the shooting-shed. 

COMPARABILITY OF THE GROUPS STUDIED. 

The subjects for the 5-, 20-, and 40-shot groups were boys and men ranging 
in age from 14 to 36 years. Those of about the same age were assigned to 
different groups, with the result that the average age of all the groups is ap- 
proximately the same. Fiuthermore, from the data presented in figure 15, 
it seems clear that there is no correlation between the age of the individual 
and the rate of improvement of the function, and hence the slight difference 
in the average ages of the groups (a maximum of 3 years) may be safely 
disregarded. 

The records of a woman are included 
in the averages of the 5-shot group. 
Analysis of the individual records shows 
that the averages of the group were not 
seriously influenced by the inclusion of 
this series of records. 

With respect to previous training, 
none of the subjects had ever shot with 
the bow, beyond the sporadic practice 
with mnbrella ribs and unfeathered 
arrows which comes within every 
boy's experience. In training in other 
functions there was a good bit of varia- 
tion, but none of the subjects was par- 
ticularly well trained in athletic sports 

or in difficult habits of manipulation, Fio. 16.— Relation of aee to rate of improve- 

and, in general, the groups average out 
fairly well, with the exception of that 
whose members loosed 60 shots per 
day. 

The study of the 60-6hot group was 
undertaken after the others had finished 

shooting and after th^ average improvement had been computed. As it 
seemed that there was some advantage in favor of the S-shot group, the 
attempt was made to test the effect of a still greater concentration of practice, 
continued until quite appreciable fatigue was produced. For this purpose 
the 60-shot group was organized, but since in the early part of practice this 
number is excessive, it was necessary to pick subjects who were physically able 
to meet the exactions of the experiment. As a result, the group was made up 
of yoimg men ranging in age from 19 to 23 years, in better physical condition 
than the members of the other groups. The range of variation in age is less 
in this group than in the others, which fact probably gives an advantage to the 
group at the start. Furthermore, the superiority in physical strength of the 
members of this group gives an advantage quite aside from the question of 
fatigue, in that the bow may be drawn with greater ease and steadiness by an 
individual whose strength is not greatly taxed by its weight. Sixty shots rep- 




ment. Solid line r^reeents aises of sub- 
jects in years arranged in order from left 
to rif^t. Dotted line gives in inches the 
abeolute amount of improvement for the 
subject in the corresponding position on 
the solid line. Averages are computed 
from first and last 40 shots. 
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resent about the limit that a beginner can shoot without rest during the first 
few days of practice, and it seemed that if fatigue had pla3red an important 
part in determining the different rates of learning of the other groups, its 
effects should be much more marked in the records of the 60-8hot group. 

The averages of the Tortugas group, shooting 12 shots per day, have been 
included in the tables for comparison with the later groups, although these 
averages, like those of the 60-shot group, are not strictly comparable with the 
others. The average age of the group is considerably higher than that of the 
remainder, and the range, from 22 to 46, is likewise greater. The practice 
of the group was carried out under what seemed to be much more unfavorable 
conditions (at a temperature ranging as high as 110^ F. and at times in a 
blinding glare of light, at others in a very strong wind which carried the 
arrows several feet from their direct course). 

In all of the experiments enough arrows were provided to allow each subject 
to shoot his full daily number without pause. The arrows were marked 
individually and arranged in groups of 5, and the results of the shots were 



to 



15 



10 




100 



800 



800 



400 



600 



600 



700 



Fio. 16.— Learniiig with the rifle; all lubjeote shooting 20 shots daily. 

group; 20 shot group; 40 shot group. Ordiiiates are 

the bulla-eye in centimeters; abecinsg, suecessive shots ayeraged by twenties. 



5 shot 
from 



recorded by successive fives, as it was found to require too much time to keep 
all of the records in regular order. In the case of the 5-shot group the arrows 
were recorded in the order in which they were loosed. 

Finally, as a control upon the respective abilities of the groups to form 
habits of manipulation under like conditions of practice, each subject was 
required to shoot 20 shots daily with the rifle. The daily averages were com- 
puted and from these the average improvement of each group was obtained. 
Owing to the difficulty in securing subjects for the experiment, three individuab 
who had had some rifle practice were included. One of these was assigned to 
each group. Their records for rifle practice were not included in the group 
averages. 

The daily rifle scores of the three groups are shown in figure 16. As in the 
case of practice in archery, it has seemed best to use the averages of the first 
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and second halves of practice in judging the improvement rather than the 
records of the first and last few shots (see p. 110). The amomit of improve- 
ment measm^ in this way is shown in table 37. 

In so far as the improvement in rifle shooting may be considered an index 
of the relative ability of the groups, the 5- and 40-8hot groups seem to be 
almost equal, the 20-6hot group somewhat inferior in rate of improvement. 
When the percentage of improvement over initial accuracy is considered, as 
seems justifiable by the data given on page 111, the inferiority of the 20-shot 
group is less marked. 

Table 37. — Rdatwe improvement of sulbjeds shooting W shots daUy with the rifle, 
[The figures represent centimeters from the bulls-eye.) 



Average of all shots. 


Group shooting with the 
bow. (Shots daily.) 


5 


20 


40 


From 1 to 140 


17,5 
11.3 


14.4 
10.8 


21.9 
15.1' 


141 180 


Absolute improvement . 
Percentage 


6.2 
35 


3.6 
28 


6.8 
31 





CONDITIONS AFFECTING IMPROVEMENT. 

Before comparing the relative abilities of the groups a few words are neces- 
sary concerning the complexity of the habits formed and the general character 
of the learning curve. Very delicate adjustments, both of the eye-hand 
coordinations at the moment of aiming and particularly in the quick changes 
in muscular tension at the moment of loosing, are necessary. The movements 
involved in loosing the arrow are the most difficult to control exactly. At the 
moment of aim the extensor muscles of the bow arm are resisting a pull of 
about 40 poimds; the flexors are under no strain. When the bowstring is 
released the extensors are suddenly freed from strain and tend to throw the 
arm outward. The tonus of the flexors must be increased immediately to 
counteract this tendency. The bow-arm of a beginner frequently swings 
4 inches out of position before the arrow leaves the string and the delayed 
tensing of the flexors then draws it a still greater distance in the opposite 
direction. This movement must be almost wholly overcome before accurate 
shooting is possible. Equally accurate and difficult movements of the loosing 
hand must be acquired. An average variation of 2^ of arc in the relative posi- 
tion of the hands results in an average of 25 inches from the center of the 
bulls-eye. Some of the championship records given below require an average 
variation of less than 30' of arc in the alignment of the arrows. 

The record of a subject whose practice extended to more than 1,300 shots 
is given in figure 17. This is the subject mentioned on page 122 as having 
had opportunity for practice of implicit habits before the beginning of the 
experiment. This accounts for the high initial skill and for the resulting 
flatness of the first half of the learning curve. With the exception of the high 
initial accuracy the curve seems to be t3rpical for this amount of practice. 



Fig. I . Sighling ind kintnthctis combined in aiming. Fig. 2. Aiming withoiil ughting dong the mow. 

Fig 3. Poulion ol the right hud dclcrmincd by conlaci with ihe (kc. 
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Improvement after the average of 25 inches is very slow, with the suggestion 
of a plateau just before the quick improvement after 900 shots. Such periods 
of no improvement occiu* frequently in the practice curves. In some cases it 
has been possible to determine the cause of these with certainty. Thus one 
subject, after witnessing a slight accident occurring to another in loosing the 
bow, assumed, to avoid a repetition of the accident, an awkward aiming posi- 
tion and a slow release which interfered seriously with accurate shooting. 
The aiming position was quickly corrected, but the slow release persisted for 
many days and kept progress ahnost at a standstiU. In gmeral it seems that 
the plateaus are the result either of the accidental formation of conflicting 
habits, or that they represent points where no improvement can be made until 
a new method of shooting is hit upon by the method of trial and error. 

The amount of practice recorded in the experiments was not sufficient to 
bring the skill of the subjects near the limit of improvement. The final 
accuracy of about 15 inches indicated in figure 17 is greater than that obtained 
by any of the other subjects. In comparison with championship records this 
average is still very high. The championship scores at the distance of 40 
yards made in the double American round from 1880 to 1908 vary from 312 
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Fig. 17. — Improvemant in long praoUoe. 
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to 412. Reduced to inches from the center of the bulls-eye, they are about 
11 and 7.8 respectively. The most consistently good record available is a 
practice score averaging about 5 inches for 90 shots. Studies of the rate of 
improvement from 15 to 10 inches are not available, but progress is certainly 
extremely slow. The writer, after reaching the average of 15 inches, has 
made scarcely any progress in 1,000 shots. The records used for comparison 
extend over only the first 360 shots, and deal therefore only with the prelimi- 
nary stages of learning. Dining the first 100 shots, particularly, progress is 
made by leaps. The relation of the bow, hands, and arrow call out suddenly 
group habits of reaction to geometrical relations; the subject, for example, 
begins to nock the arrow at a constant place on the string and shows at once a 
marked improvement in accuracy. Most of the codrdinations of larger 
groups of habits are formed very early in practice and probably account for 
the negative acceleration in the learning curves. 

An attempt has been made to test the effect of fatigue upon the daily im- 
provement. All first shots for daOy practice were averag^ for the 5-shot 
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group. The second, third, etc., shots were averaged in the same way. The 
differences between the average of the first and fifth shots gives a rough 
measure of the improvement diuring practice. In the same way averages were 
obtained for the 20- and 40-Bhot groups, but the averages of successive 5 shots 
instead of sin^e shots were taken, making the average improvement shown a 
little too small in comparison with that of the Snshot group. These were then 
reduced to terms of average improvement diuring 5 shots loosed in rapid 
succession. The averages are 1.5 inches for the 5-shot group; 1.5 inches for 
the 20-shot group; and a negative improvement of 0.2 inch for the 40H9hot 
group. The full data are given in table 38. Little more can be deduced 
from the results than that fatigue is much more severe after 40 shots than 
after 20, in the former case obsciuring any progress made or perhaps pre- 
venting progress (see p. 126). 

The question of improvement during periods of no practice is closely related 
to that of the effect of fatigue in obscuring the improvement during practice. 
The data have not been analysed carefully for the improvement diuring the 
24-hour periods of rest, but the ^ects of some 48-hour periods of rest have 
been examined. In the 5H3hot group there was a decided loss during these 
periods in the case of 3 of the 4 subjects. The fourth showed a slight gain. 
The absolute amount of gain was 

+1.6 -6.0 -3.6 -3.2 

With the results not obscured by fatigue there is a decided loss after practice 
is stopped. 

For the 40-6hot group the average gains during 48-hour periods without 
practice were 

-0.6 -0.7 +2.6 +5.6 

The record of the individual making the greatest progress during this period is 
given in figure 18. The solid lines of the figure connect the averages of the 
first and second 20 shots loosed daily. The dotted lines represent the inter- 
vals of no practice. The effects of fatigue are very pronounced in this case. 
Other individuals of this group show such effects to a less marked d^ree. 
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Fig. 18. — Effects of fatigue. Learning curve of one individual in 40-6hot group is shown, 
plotted for successive groups of 20 shots. Solid lines show improvement during prac- 
tice; dotted lines, improvement from one day to next. 

The question of the part played by imitation in the improvement of the 
subjects is an interesting one. They watched each other's practice and the 
practice of the experimenter during the greater part of the experiment. From 
the different methods of aiming employed by different subjects it seems that 
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imitation played no large part in the learning. Plate 9 shows the different 
methods ot aiming which gave equally good results within the limit of practice. 
In the one case (figure 1) the alignment was obtained by sighting along the 
arrow, while the elevation was determined from the position of the right hand 
in terms of kinsDsthesia; in other cases the subjects looked only at the bulls- 
eye and determined the relative positions of the hands almost wholly by 
kinesthetic stimuli (figure 2). In the method of aiming shown in figure 3 the 
position of the right hand was determined by contact with the face, ahnost the 
whole adjustment being made in terms of visual and tactual stimuli. In the 

Table dS,—Effeci of fatigue. 



5-iiiot group 



1 
2 
3 

4 
6 



Average of successive shots in daily practice. 



32.7 
20.2 
28.9 
25.1 
22.7 



38.7 
37.6 
35.4 
36.8 
43.2 



24.2 
26.9 
28.8 
22.4 
24.9 



26.4 
27.4 
25.3 
28.2 
25.1 



Average improvement in 5 diets. 



20-Bbot group 




Average of successive groups of 5 shots in 
daily practice. 



26.9 
25.5 
23.3 
25.2 



44.4 
43.1 
41.4 
45.3 



50.2 
46.6 
46.3 
46.1 



50.2 
44.3 
47.5 
41.2 



48.5 
43.5 
45.1 
39.7 



Average improvement in 5 shots, 



40-ehot group < 



Average of successive groups of 5 shots in 
dafly practice 



5 


36.4 


10 


30.8 


15 


35.4 


20 


29.0 


25 


32.1 


30 


31.3 


35 


27.2 


40 


31.4 



37.1 


53.1 


42.1 








31.0 


54.1 


50.2 








31.2 


53.2 


42.7 








31.1 


48.5 


46.4 








45.7 


41.1 


40.2 








41.6 


54.6 


45.1 








38.0 


45.0 


43.0 








46.1 


50.8 


49.5 









Average improvement in 5 shots. 



Average, 



30.5 
28.0 
29.6 
28.1 
29.0 



1.5 



Average. 



incKe$. 
55.5 
50.7 
50.9 
49.4 



1.5-f 



Average. 



inches, 
42.8 
41.5 
40.6 
38.7 
39.8 
43.2 
38.2 
44.4 



-.2 



case of every subject some such peculiarities of aiming and loosing could be 
distinguished, and in most cases the aiming positicm could be traced out as the 
result of adjustment by trial and error to diflSculties occurring in the early 
part of practice. Thus the position in figure 1 was assumed originally to 
prevent the arrow from falling off of the left hand when the bow was drawn. 
The great opportunity offered in the experiment for imitation and the small 
extent to which it seems to have been used raises the question of the real value 
of imitation in human learning. It is hoped that tliKS further use of archery 
will furnish more adequate evidence upon this point. 
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EFFECT OF THE DISTRIBUTION OF PRACTICE. 

The group shooting 5 shots daily was organized first and their practice 
continued for about 2 weeks before the 20- and 40-Bhot groups started. Thdr 
practice extended, altogether, from June 22 until September 20. Practice 
could not be carried out on Sunday and comparable records of 360 shots were 
obtained from the 12 weeks' practice. 

. The 20- and 40-shot groups were organized at the same time and their 
practice was continued for 4 weeks, giving records of approximately 400 shots 
for each subject in the 20-shot group and 800 for each in the other group. 
Comparisons have been made only of the rate of improvement, measured in 
various ways, in the amount of practice represented by 360 shots. A more 
certain method of comparing the groups would have been perhaps to continue 
the practice of each group until a given degree of accuracy was attained and 
then comparing the amount of practice necessary to reach this stage, as was 
done by Ulrich in his study of the rat, but this method is practicable only 
when the final accuracy selected is near the limit of improvement, and the 
time requirements for such an experiment could not be met. 

For purposes of comparison the records of the groups have been averaged 
in series of successive 20 shots and the curves in figure 19 have been plotted 
upon the basis of these averages, which are given in table 39. The daily aver- 
ages are disregarded in this treatment of the data, which consist of averages 
for like amounts of practice. The records of the 12- and BO-shot groups are 
included for comparison with these others, although, as has been shown, these 
groups are not strictly comparable with the remainder. 

Tablb 39. — Averages of eticceeswe groups of tO shots for the groups of subjects compared. 

[Figuros aro in inches from the center of the bulU-eye.] 



Arrows loosed per day. 


Arrows loosed per day. 


5 


20 


40 


60 


'' 1 


5 


20 


40 


60 


12 


56.9 


58.4 


55.8 


48.9 


1 

t 

75.4 


35.6 


40.9 


40.3 


33.1 


48.9 


40.1 


49.2 


47.8 


44.4 


66.1 


30.9 


45.4 


33.5 


29.6 


46.9 


39.2 


45.3 


44.7 


39.7 


51.5 


27.1 


32.9 


42.6 


32.2 


45.5 


35.2 


43.6 


46.6 


36.2 


54.0 


30.7 


36.1 


40.0 


30.6 


49.6 


43.1 


40.9 


41.8 


35.7 


60.1 


25.6 


36.7 


38.3 


29.1 


44.5 


39.6 


38.8 


42.4 


36.6 


50.7 


28.9 


38.3 


38.9 


31.3 


46.0 


40.7 


43.6 


36.9 


33.9 


50.7 


35.7 


35.3 


40.6 


32.6 


40.2 


40.8 


40.8 


39.1 


32.8 


48.7 


31.4 


38.6 


37.8 


29.1 


44.3 


35.4 


36.2 


38.4 


32.1 


55.9 


27.1 


44.5 


34.9 


32.7 


45.1 



From inspection of the curves in figure 19 it appears that the 5-3hot group is 
considerably superior to the others in final accuracy and in the amount of 
improvement, possibly excepting the 12-shot group. The superiority of this 
group is really somewhat greater than is apparent from the curve, for the sud- 
den loss in accuracy coining at the 320th shot is the result of a few days of 
extremely cold weather, which stiffened the fingers of the subjects and made 
accurate shooting impossible. 

The 60-shot group shows a greater average accuracy but less improvement 
than the 5-shot group. The 12-shot group shows a much lower accuracy than 
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any of the other groups, with a somewhat greater amount of improvement. 
The improvement shown by the 12-6hot group is in part spurious, owing to 
the method of recording the shots in this group. At the beginning of practice 
many arrows fell short. These were recorded as failures. In computing the 
averages these failures are counted all as 84 inches from the bulls-eye, which 
was, probably, an overestimate, and added something near 6 or 8 inches to 
the average records of the first 60 shots. 

The amount of improvement in the 5 groups has been expressed in three 
ways: by the difference in average between the first and last 5 shots fired; 
between the first and last 40 shots; and by the differences in the averages of 
the first and last half of practice. These results are given in table 40. 



70 



60 



9 not Cfoop 

m " •• 
It " •• 

00 •• " 




^0 100 200 900 400 

Fia. 19. — Learning curves for improrement in archery for 6 group* ahooting 6, 12, 20, 

40, and 60 shots daily. Arranged as in figure 13. 

The absolute improvement, measured by any of these methods, is greatest 
in the 12- and 5-shot groups. The 60-shot group comes next with considerably 
less improvement, and the 20- and 40-6hot groups are about equal. It appears 
from this that the rate of improvement per unit of practice is somewhat greater 
when the practice is distributed over many days than when it is concentrated 
into a few days. Whether there is a closer correspondence between the 
distribution of practice and the amount of improvement is not brought out 
by this method of treating the results, but an analysis of the data in a some- 
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what different way indicates that there is probably a fairiy close correlation 
between distribution of practice and rate of improvement when chance causes 
of variation in the records can be eliminated. 

During the first part of practice improvement is made largely by a series of 
what Thomdike has called ''insights/' such as those found so constantly by 
Ruger in the solution of mechanical puzsles. The sight and feel of the bow, 
arrow, and target present certain elements in common with the stimuli which 
call out many habits of manipulation and habits dealing with space relations 
and so tend to call out the same movements. Thus habits of aiming with the 
rifle are transferred to sighting along the arrow and need little modification 
to become efiScient in producing accurate shooting with the bow. Such 
coordinations of complex preexisting habits occur early in the practice of every 
subject, but whether they come before a single shot is fired, at the fifth shot, 
or at the sixtieth shot is largely a matter of chance. The subject whose record 
is shown in figure 17 had opportunity to see the practice of the 5-shot group for 
two weeks before his own practice was begun, with the result that many of the 
simpler problems of aiming were worked out in terms of the speech mechanism 
before he loosed a single shot. The result was somewhat the same as learning 
with instruction, as shown in figure 13. 

Table 40. — Improvement in accuracy after S60 shots with the bow. 
[Averases are in inches from the center of the bulls-eye.] 



1 


Average of shots. 


Group 5. 


Group 12. 


Group 20. 


Group 40. 


Group 60. 


From 1 to 5 

356 360 

Improvement . 

From 1 to 40 

321 360 

Improvement. 

From 1 to 180 

181 360 

Improvement . 


69.2 
34.0 


94.2 
46.6 


69.8 
49.2 


66.0 
39.2 


61.4 
32.3 


34.2 


47.6 


19.6 

* 


26.8 


29.1 


48.5 
29.2 


70.7 
44.7 


53.8 
41.5 


51.8 
36.3 


46.6 
30.9 


19.3 


26.0 


12.3 


15.5 


15.7 


41.2 
30.3 


57.1 
45.7 


44.1 
38.7 


43.7 
38.5 


37.8 
31.2 


10.9 


11.4 


5.4 


5.2 


6.6 



These factors result in a greater variability in the earlier part of practice 
than in later practice, which is independent of the distribution of practice, 
for few large groups of habits are added after the first 100 shots, as is evidenced 
by the fact that in later practice the subjects can rarely tell to what changes in 
their method of shooting their improvement is due, while in the early stages 
of practice such exclamations as ''Oh, I've caught on to something," are fre- 
quently followed by sudden large increases in accuracy. 

The elimination of the first trials, then, probably gives a truer picture of 
the effect of the distribution of practice than the inclusion of the earlier prac- 
tice period. The averages of the first, second, and last third of practice have 
been computed for each group and are given in table 41. 
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As in all other methods of treating the data, practice with few shots per day 
seems to be more economical than that with many. In the first half of prac- 
tice there is no close correspondence between the amount of improvement and 
the distribution of practice, but in the second half, where the ^ects of varia- 
tions in the initial stage of learning are omitted, the correspondence is quite 
striking, the 60-6hot group alone being out of order. The position of the 12- 
shot group, as idfmor to the &-shot group, is very probably correct, since in 
this case the error due to the overestimate of failures (p. 121) is no longer sig- 
nificant. The order of improvement per unit of practice is, then, 5, 12, 20, 
60, and 40, with imrelated evidence to show that the 60-shot group was some- 
what superior to the others. 

To what extent do these results express the effect of the distribution of 
practice, and to what extent may they be due to chance? As has been stated, 
the 5-, 20-, and 40-Bhot groups seem very closely ccm^iarable in their make-up. 
The rifle practice, though not very dependable as an index to the abilities of 
the individuals, does give some indication that the relative rate of learning 
of the groups practicing under similar conditions is not the same as that 

Table 41. — Improvement duing the first and second haloes of practice. 



Average of ahote. 


Shots per day. 














Group 5. 


Group 12. 


Group 20. 


Group 40. 


Group 60. 




inches. 


%w9Cw%^fOm 


vWVvvVO* 


inches. 


inches. 


From 1 to 120 


42.35 


59.60 


46.03 


46.53 


40.25 


121 240 


36.08 


49.40 


39.96 


38.47 


32.29 


241 360 


29.90 


44.95 


38.25 


38.42 


30.90 


Improvement: 












First half 


7.27 


10.20 


6.07 


8.06 


7.96 


Second half 


5.18 


4.45 


1.71 


.05 


1.39 



obtained in the archery practice, which differed from the practice with the 
rifle only in its distribution, and thus that the differences in the rate of learn- 
ing to shoot the bow are due primarily to differences in the distribution of 
practice. If the rifle records are to be trusted as an index to ability, it 
I4;>pears that the improvement of the 20-shot group should be counted as rela- 
tively somewhat greater than that of the 40-shot group, since the latter seems 
to show superiority in rate of learning under like conditions of practice. 

From the results of this experiment it is certain that practice distributed 
over many days is more economical than when concentrated to a few days. 
From the improvement shown in the later part of practice and general consid- 
erations of the relative abilities of the groups, it seems probable that there is 
a very close relation between the distribution of practice and the amount of 
improvement. 
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Table 42. 



THE PROBLEM OF " DISTRIBUTION-RATE " RELATION. 

These results agree very well with the general findings for the efifect of the 
distribution of practice in the formation of other types of habits. Thomdike 
has summarized the more important work done before 1910, and it is unneces- 
sary to review this work here in detaU. In general, studies upon human 
learning indicate that the amount of improvement for a given amount of 
practice is directly proportional to the time interval between the practice 
periods and inversely proportional to the length of the practice periods, but 
there is some conflict in the results of experiments upon different t3rpes of 
habits. The results of a few experiments fail to show these relations, but do 
not seem to be conclusive. 

For students learning to write English words in German script Leuba and 
Hyde give the results shown in table 42 for four groups practicing for periods 
of equal length but at different intervals. The group practicing every third 
day alone fails to show the advantage of 
distributed practice, and not enough sub* 
jects were used to eliminate the possibility 
that this is only a chance variation. 

Lyon finds that short practice periods 
give better results in the formation of lan- 
guage habits, except in the case of short 
verse and prose selections whose meaning 
can be grai^ped as a unit; these are learned 
most readily by concentrated practice. In 
the case of such material, involving pre^- 
isting language habits of almost inconceivable complexity, it seems very ques- 
tionable whether the learning process is comparable to the formation of sim- 
pler habits. 

Hahn and Thomdike found no advantage in favor of either of two distribu- 
tions of practice, but their groups of subjects are not strictly comparable. 
The habits studied were those involved in computation and in every case the 
group with concentrated practice had the greater number of preexisting 
habits, which may have obscured any disadvantages due to the concentration 
of practice. 

With the exception of these cases the evidence favors the belief that the 
rate of learning varies inversely as the concentration of practice. The major- 
ity of investigators seem to believe that this holds true only within certain 
time limits, but with the possible exception of the results of Leuba and Hyde, 
no such limits have been established experimentally. The t3rpes of habits 
subject to the "distribution-rate" relation and the time-limits of the relation 
are not yet settled and the solution of the problem will demand a closer inquiry 
into the physiological causes of the relation than has yet been made. 

The following quotation from Starch summarizes practically all the explana- 
tions which have been advanced to account for the effect of the distribution 
of practice upon the rate of learning: 

Why are shorter and more numerous periods economicalT The main reason, no doubt, 
is the well-known fact that a period of rest after newly formed associations gives them a 
chance to become settled and fixed. The slower rate of improvement of the third and 
fourth groups is due in part to fatigue. The forty-minute group shows no gain in the last 





Gained from fifth 


Group practicing. 


to tenth practice 




period. 




UtUra, 


Twice a day 


240 


Once a day 


290 


Once in 2 days 


395 


Once in 3 days 


235 
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period, and the two-hour group shows no improvemeDt after the first hour. A third minoi 
factor was that those working for a short period at a time were more apt to woric with 
maximum coDoentration than those working for longer periods. 

The majority of investigators have been content to ascribe the results 
obtained to "fatigue" or "interest," without attempting further anal3rsiB. 
In planning further experimental work the writer has found the following 
clarified list of possible explanations helpful. It probably is not exhaustive, 
but may help to define the problem more accurately. 

TRIAL AND ERROR. 
A. Variktt of Pbopriocbptit]) Stimxtu. 

When an organism is confronted with a new set of conditions its reaction is 
the summation effect of the elements of the external stimuli and the momen- 
tary proprioceptive stimuli. The latter may remain fairly constant during a 
sin^e practice period, resulting in a rather stereot3rped reaction. During the 
relatively long interval between practice periods the proprioceptive "set" may 
change and thus practice distributed over several days may offer the possibility 
ot a greater variety of activities (some of which may lead to improvement) than 
the same practice confined to a period during which the same "set" persists. 

B. Loss OF CoNFUCTUfo Habits. 

W. F. Book has suggested that improvement during intervals without practice 
is due to the dropping out of habits which make for low efficiency and which 
have not had time to become well established, while the principal successful 
actions, more firmly established by longer practice, persist. Such evanescent 
habits, by restricting the variety of activities, may delay progress considerably 
and give a decided advantage to the interrupted practice.* 

C. Chanob in ths Pbimabt Stimulus. 

For successful learning by trial and error it is necessary that the organism 
perform diverse activities in response to a given set of stimuli. In experi- 
ments with animals such as those of Ulrich, the primary stimulus to this 
activity is furnished by hunger, pain stimuli, unfamiliar surroundings, etc.; 
in man by the many sublimations of instinctive reactions which constitute 
" interest," "fear of ridicule," " rivalry," etc. The number and variety of trial 
movements may depend upon the force of the primary stimulus, either as a 
result of the amount of diverse activity produced or of the concentration of 
the activity in responses to a limited nimiber of stimuli, as when the hungry 
rat spends its time before the door of the problem box and is not distracted 
by the movements of other mts; or when the human subject keeps his atten- 
tion strictly on the problem in hand. "Loss of interest through fatigue" 
probably represents a change in the intensity of the primary stimulus to 
activity. 

*The appeMranoe and disappearance of habits of this type have been noted frequently during 
the experiment. For esample, a subject assumes an incorrect aiming position in order to aroid 
catching the bowstring on his sleeve. This position persists for some time after the sleeve is 
roDed back out of the way, and may even become firmly fixed. 
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DIRECT EFFECTS OF FATIGUE. 

Fatigue may have an effect upon the rate of learning in other ways than by 
changing the intensity of the primary stimulus. 

A. Nbubons Pattsrbis. 

It is probable that in order to obtain a given result different groups of neu- 
rones must be employed when the organism is fresh from those employed 
when it is fatigued. Thus, subjects in the 40- and 60-shot groups were seen to 
adopt different attitudes in aiming as they grew tired. The result of this is 
that a greater nimiber of codrdinations must be made to produce the same 
degree of skill whenever practice involves much fatigue. 

B. MucoLB Chanom. 

In archery there is a possibility that the effect of the distribution of practice 
is a function of muscle growth under different conditions of exercise. There 
seem to be no adequate studies on this subject. 

PRACTICE BETWEEN PRACTICE PERIODS. 

Where the subjects are interested in the experiment it is impossible to 
prevent their thinking and talking about it during the intervals between 
practice periods. This is the suggestion made by Thomdike in respect to 
Munn's results for language habits in substitution tests. It seems to apply 
equally well for the early stages of habits of manipulation in man (see p. 122), 
but its application to the rat in the mase test is questionable. 

FIXATION OF THE NEURAL ARC. 

Starch's first suggestion quoted above implies that a single activation of a 
neural arc starts up a process of fixation which continues for some time and 
that the further functioning of this arc during the process of fixation does not 
accelerate the process of fixation proportionately. By way of illustration, the 
following analogy may serve: Eku^h time that a door with rusty spring hinges 
is opened it swings more easily. But when one man has opened the door others 
may follow him before it swings shut without wearing the hinges smooth. It 
is only when some time intervenes between the passage of the men that each 
reduces the friction in the hinge equally. 

THE TIME RELATION OF PRACTICE TO THE CHANGES IN THE PRIMARY STIMULUS 

RESULTING FROM SUCCESSFUL ACTIVITIES. 

The conception that the fixation of a habit is the consequence of its pleasur- 
able result has been stated in a somewhat objective form by Ladd and Wood- 
worth in a discussion of the escape of the animal from the problem box, as 
follows: 

We must Msume in the animal an a^jMstmetU or determination of the pejrcho-physical 
mechanism toward a certain end. The animal desires, as we like to say, to get out and to 
reach the food. Whatever be his consciousness, his behavior shows that he is, as an organ- 
im, set in that direction. The adjustment persists till the motor reaction is ooosummated; 
it is the driving force in the unremitting ^orts of the animal to attain the desired end. 
His reactions are, therefore, the joint result of the adjustment and of stimuli from Tarions 
features of the cage. Each single reaction tends to become a99oeiat&i with the adjustment. 
But the unsuccessful reactions are less strong associated than the successful, because each 
one of the former is'at some moment giv«i up or inhibited; and this inhibition, too, being 
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made under the influence of the adjustment, tenda to become associated with it, and so to 
interfere with the association between the adjustment and the performance of this particular 
reacticm. In the case of the successful reaction, however, the phase of inhibiticm does not 
occur and the only association with the adjustment is of the positive sort. 

If habit fixation takes place in this way, progress perceptible to the subject 
should cause a quicker fixation of the habit. It is generally stated that long* 
practice groups can make an appreciable improvement in one practice period; 
that on this account their practice is more satisfying; and that this should 
result, therefore, in quicker learning. This would tend to produce a ''distri- 
bution-rate" relation the reverse of that found. 

In the present experiment the evidence makes it seem highly improbable 
that the ''distribution-rate" relation was the result of differences in the 
primary stimulus. Members of the 5-fihot group showed no greater interest 
in the problem than did the others; indeed, toward the end of practice, it 
seemed to the experimenter that the members of this group, after two months 
of faithful practice, were beginning to find the work something of a bore. The 
members of the 12-6hot group were very busy with other work and seemed 
less interested in practice than any of the remaining groups. Yet these two 
groups made the greatest progress. 

So far as the other possibilities are concerned, the present experiment offers 
little that is helpful in eliminating any of them. The effects of fatigue 
probably should not be emphasised too much. The 40- and 60-shot groups 
suffered far more from fatigue than did any of the others and their slower rate 
of progress does not seem proportionate to the amount of fatigue resulting 
from such long-continued practice. Changes in the muscles themselves, while 
possible in archery, are almost certainly precluded from language habits. 

Which, if any single one, of the possibilities suggested is the real cause of 
the relation between the rate of learning and the distribution of practice, the 
evidence at hand is not su£Scient to decide. Certainly some seem more, 
others less probable, but it is not certain that any of the four chief classes 
mentioned has been absolutely eliminated from any of the experiments thus 
far completed. 

R^UME OF RESULTS. 

(1) The rate of learning to shoot with the bow was studied in two groups 
of men, one of the artisan, the other of the professional class. No significant 
difference in the rate of learning in the two groups was found. 

(2) The rate of improvement of five fairly comparable groups during prac- 
tice of the same function was tested under different conditions of practice. 
A close correspondence between the distribution of practice and the amount 
of improvement appeared, a given amount of practice being more efficient 
when distributed through many short periods than when concentrated in a 
few long ones. 

(3) An attempt has been made to define the physiological problems involved 
in this "distribution-rate" relation. 
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ON THE RHIZOCEPHALAN GENUS THOMPSONIA AND ITS 
RELATION TO THE EVOLUTION OF THE GROUP. 



Bt F. a. Potts, M. A. 



INTRODUCTION.* 

The Rhizocephala are a group of undoubted Cirripedes having 
nevertheless a structure and life-history in which the departure from the 
normal type is probably greater than in any other parasitic Crustacea. 
They are found upon Decapod Crustacea and in tiie adult form have 
lost all trace of segmentation and appendages. Each one consists of 
an external sac commimicating by a peduncle with an internal root 
system which traverses the body of the host and absorbs food from the 
blood. The absence of an alimentary canal and the development of 
an absorptive root system are characters which have been independ- 
ently acquired in other parasitic Crustacea, to wit, the Copepods Her- 
pyUijbvus and Rhuorhina, which yet retain signs of segmentation and 
vestigial appendages. Moreover, in some parasitic Isopods {Wanalia 
and CrypUmiscus) and in the Cirripede Anelasma there is an incipient 
root system, although the gut does not degenerate. The modification 
of the reproductive phenomena is very considerable in the Rhizocephala, 
for it has involved the supression of the male sex and the conversion of 
the other into self-fertilising hermaphrodites or, in a few genera, 
parthenogenetic females. 

The criterion of the Cirripede affinities of the Rhizocephala is to be 
found in the Nauplius and Cypris stages, which occur in their early 
larval history. Without the evidence of embryology it would be diffi- 
cult to refer the adult even to the Crustacea. The external sac, in 
Sacculina^ consists of a mantle surrounding a visceral mass but separ- 
ated from it by the manlle'Cavity or brood pouch (which opens to the 
exterior by a mantle opening) except along the surface of attachment 
to the host, where there is a communicating mesentery. A nerve 
ganglion and the small tubular testes lie in the mesentery; the main 
bulk of the visceral mass is occupied by the ovaries and there are present 
on each side an oviduct and a vas deferens opening into the mantle cavity. 
Geoffrey Smith (9), by comparing ihe arrangement of these organs with 
those of the typical Cirripede, has made a plausible attempt to homol- 
ogise the external sac with the body of other Cirripedes. This brief 
summary of the typical Rhizocephalan structure is designed to show 
that, while structural reduction has proceeded far, it is by no means 

* Service as a Lieutenant in the Engliah Army has prevented Mr. Potts from revisinc the 
proofs of this paper. — A. G. M. 

3 



4 Papers from the Department of Marine Biology. 

complete. But the retention of the mantle and the mantle cavity is 
due to the exigencies of the reproductive method in these forms, which 
compels an elaborate mechanism of ducts and incubatory spaces. 

The most remarkable feature of the group, however, is the endo- 
parasitic life-history, which has its only paiallel in the Crustacea in 
the copepod family Monstrillidse. The Nauplius and Cypris larvse 
resemble those of other Cirripedes except in the absence of a gut. 
The latter fix at the base of hairs on the carapace of crabs and an 
internal mass of cells leaves the larval cuticle and passes through the 
gap in the carapace, which the articulation affords, into the body-cavity 
of the host. After a period of wandering it becomes attached to the 
intestine in the region of the abdomen and here it grows, absorbing 
nourishment from the blood and differentiating into a root system and 
a body destined to become the external sac. The internal stage oi 
development is terminated by a moult in Sacculina, the sac-like body 
eating its way through the muscle and epitheUum of the abdominal 
wall so that it emerges when the chitinous exoskeleton is cast. In 
adult life connection with the internal root system is maintained 
through the narrow peduncle occupying the aperture which served for 
escape. 

Though it has been pointed out above that other parasitic Crustacea 
possess a root system, this is always developed, so far as is known, by 
a secondary inpushing of tissue from the ^eternally situated body. 

The complete description by Delage (2) of the development of Saccu- 
lina was published in 1884, but so extraordinary was its nature that 
for a long time doubt was cast upon the correctness of the account. 
In particular the late Alfred Giard maintained that the Cypris larva 
underwent metamorphosis into the adult at the precise position of 
fixation, as proved by his personal observation. It was not in fact 
until Geoffrey Smith, in 1906, published a striking confirmation of 
Delage's story that the matter was put beyond doubt. That an 
endoparasitic stage occurs in the life-history of Sacculina and PeUo- 
gaster is now certain; but it has not been actually proved to occur in 
any other genera of the group. For the most part they are similar 
in structure and habit and it may be safely assumed that their develop- 
m^it runs through a course not unlike that of Saccvlina. But, in one 
genus at least, Thompsonia, which forms the subject of this paper, the 
facts that an enormous number of external sacs are associated on the 
same host and that these sacs have an exceedingly simple structure 
seem to suggest that a different method of development may occur 
here. The endoparasitic stage must have been interpolated in the 
lif e-histoiy and it is not perhaps unreasonable to suppose that amongst 
the many forms of the Rhizocephala one should be found to exhibit a 
simpler and, in its omission of the endoparisitic stage, more primitive 
life-history than that of Sacculina. Couti^ ( 1 ) , who has described the 
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forms of this genus which infest Alpheids, under the name of Thykh 
coplelhuSf has reverted to the theory of Giard, supposing that each of 
the external sacs represents a Cjrpris larva which has fixed and meta- 
morphosed in that identical position. The sin^>le structure of the sac 
is another primitive feature, and we are led to believe that the more 
complex structure of SaccuUna is due to progressive evolution from a 
form like Thompeonia. This view has also been taken by the few 
workers who have studied material of this Indo-Pacific form. The 
conclusions which are arrived at in this paper combat decisively the 
claim that the genus represents in any way the ancestor of the group 
Rhizocephala. As is so often the case, a form which seems at first 
sight to fill a gap between a group and its relations proves on closer 
examination but to illustrate an extraordinary capacity for specialised 
development in the group to which it belongs. But though the prob- 
lem of Tlwmpsonia thus changes with widening evidence, it is yet a 
form of great importance to the student of comparative anatomy and 
general biology. 

PREVIOUS WORK ON THOMPSONIA. 

In 1874 Kossmann (6) published a description of the Rhizocephalous 
Crustacea collected by Semper in the East Indies. In this class he 
placed a parasite, two examples of which were found on the walking 
legs of Melia tessellata. He named this animal Thompsonia globosa, the 
generic name being given in honour of that distinguished Irish natur- 
alist who first recognised the Cirripede affinities of the Rhizocephala. 
The new genus was characterized by its globular shape and small size, 
long stalk with peculiarly thickened chitinous ring, absence of a mantle 
opening, reduction of tiie visceral mass, and retention of the larv» 
until the Cypris stage was reached. Only two examples of the parasite 
occurred on this host, so the most striking feature of the genus, the 
presence of large numbers of external sacs of equal development, is 
not here recorded. 

In 1902 Couti^ (1) described a new type of Rhizocephalan parasitic 
on various Alpheids from East Indian and Australian waters and re- 
markable for the fact that each host carried under its abdomen, attached 
to the appendages, a great number of parasites, which resembled the 
^gs somewhat in volume and aspect. This parasite, for which he 
proposed the name of Thylacoplelhus (several species of the genus 
were described) approaches Thompsonia in its form, but must, he says, 
be separated generically, first and foremost because its host, the shrimp 
AlpheuSf is so different from the host of Thompsonia, which is the crab 
Mdia. Besides, Thylacoplethus is distinct as the first example of a 
truly gr^arious Rhizocephalan. I shall deal later with my own 
reasons for setting aside these conclusions of Coutidre and treating 
the name Thylacoplethus as a synonym of Thompsonia. 
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The most interesting point in Couti^re's papers is his daring sup- 
position as to the significance of Thylacopkikus in the origin and evolu- 
tion of the Rhizocephala. He remarks that the adult parasites exist 
on the pleopods in almost the very situation in which the attached 
larvse of Sacadina* are found, and also that the root systems of adja- 
cent parasites, if not entirely independent, are at any rate largdy 
localised. These observations show that here at least infection of the 
host takes place by direct metamorphosis of the larva into the adult 
at the position of fixation, without the intervention of such a stage of 
internal parasitism as characterises the life-history of SaccuUna. This 
conclusion points to Thylacoplethiia as a primitive or even ancestral 
form and explains the ''gregarious habit'' as due to the simultaneous 
fixation of large numbers of larvse. 

The latest researches on Thompaonia have been made by H&fele (4) 
and Kriiger (5) on material brought back by Professor Doflein of 
Munich from Japanese waters. The host in the larger number of 
cases was a species of PUumnuB (a Xanthid crab). Hafele was not 
able, owing to the absence of illustrations in Couti^'s rather meagre 
descriptions, to decide whether his form was identical with Thylaco- 
plethtis^ or not. But the possession by the latter of a district mantle 
and a cloacal opening led Hafele to suppose that the two forms might 
be safely placed in di£ferent genera. 

In this paper the first attempt is made to give adequate figures of 
the parasite. Series of sections were cut to trace the course of the 
root system, but imfortimately a curious error of identification of the 
root tissue is made. This is corrected by Kriiger from examination of 
material in the same collection. But both authors agree with Couti^ 
in supposing that each of the external sacs is an individual formed by 
metamorphosis from a Cypris larva. Kriiger alone seems to contem- 
plate the existence of an internal stage in the life-history as a possibility. 

In 1913 Dr. A. G. Mayer, Director of the Department of Marine 
Biology of the Carnegie Institution of Washington, kindly invited me 
to accompany the expedition of his department to Torres Straits. In 
arranging my programme for this purpose, it occurred to me that 
Coutidre's observations were partly made on specimens from the very 
field of work to which we were journeying. I kept in view, then, the 
interest which an examination of fresh and specially fixed material of 
this form could not fail to possess, and was f ortimate enough to procure 
specimens which throw a great deal of light on this obscure form. 

*In reality the larvie of Saeeulina do not fix more readily on the appendages than elsewhere. 

t*' La faible extension des raoines, leur localisation dans lee bourrelets saillant, dus k Tirritation 
cau86e par les parasites le grand nombre de ceux-ci, leur fixation dans une oupule deprim6e de 
dehors en dedans, la presence de parasites adultes tres voisins sur les pleopodes d'^. maUeodioitaiua, 
ou de Thomp9<mia sur les pattee d'un Crabe la oti s'eflFeotuerait surtout Tinooulation des larves 
de Sacouline au stade Kentrogone; tous oes faits montrent que, ches ThylacopUthu9 au moins, 
rinfestation de rh6te doit se f aire par fixation directe des larves k leur place definitive, sans I'inocula- 
tion ni le stade de parasite interne qui paraissent caract^riser revolution de Saectdina carcini 
Thompson.'* 
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PRELIMINARY DESCRIPTION OF MATERIAL. 

During the first few days of our stay at Murray Island at the North 
end of the Great Barrier Reef , I sought for the Rhizocephalan para- 
site of Alpkew amongst the species dwelling in burrows on the reef 
(such as A. edwarcki), but without any success. On September 30, 
Dr. H. L. Clark brought to me a few q>ecimens of a dark-coloured 
Alpheid {Synalpkew hruceiy sp. n.), which he had found sheltering 
amongst the arms of a large ComatuUd. One of these was distinguished 
from its fellows by the possession of numberless little pink egg-like* 
sacs attached to the thoracic legs and contrasting strongly with the 
purple coloiu* of the cuticle of the host. These sacs were found to 
contain C3rpris larvse, and so little doubt remained that I was dealing 
with the creature described by Couti^ under the name of Thyla- 
coplethua. The next few days proved that, on the south reef of the 
island of Maer, there lived under every loose stone and within the 
branches of the living coral a teeming population of crinoids, of which 
the majority belonged to the species CamarUkus annulatum (Bell). 
T^thin the living basket formed by the arms of the crinoid, a pair of 
Alpheids, male and female, were generally to be found, and a small 
proportion of the whole population were infected with the parasite. 
So numerous were the crinoids and their commensal Alpheids that they 
could be depended upon to provide a sufficient quantity of material for 
the study of the parasite. Only toward the edge of the reef, however, 
were the crinoids numerous, and as the spring tides waned it became 
more difficult to locate the crinoid with the water glass, to plunge 
beneath the water which covered its retreat, to extricate, by means of 
the brutal hammer or the persuasive hand, the unwilling echinoderm 
from amongst branching corals, to which it clung with desperate 
energy, and finally to prevent the escape of the agile Alpheid when the 
crinoid was raised above water. It was such experiences, however, 
which gave additional zest to oiu* life at Murray Island. 

I was eventually able to obtain nearly twenty Alpheids infected by 
Thompsonia in various stages of development. The external sacs 
varied from tiny bodies barely 0.5 mm. long to those a little more than 
1 mm. in length and 0.6 mm. in breadth. In the latter stage the C}i)ris 
larvse, with their dark eyes, could be plainly made out through the 
mantle. They were nearly alwajrs situated on the limbs. Some 
Alpheids only showed them on the abdominal swimmerets, where they 
were to be distinguished from the eggs of the host by their inferior 
size and di£ferent colour, but in the majority of hosts they occurred 
both on the abdominal and thoracic limbs. On some of the ambula- 
tory limbs as many as a dozen were found, but in a late stage of develop- 
ment they were greatly crowded, as is shown in plate 1 , figure 2. As 

*The etg* of the Alpheid are, however, creen and are larfer than the parasite. 
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recorded by Hafele,they are clustered thickly on the proxunal part of 
the limb, while the last two or three joints are entirely free. Occasion- 
ally external sacs are found on the chelipeds and even the third pair of 
maidllipeds, though I have never seen them, as Hafele notes, on the 
eye-stalks of the host. Posteriorly they extend to the uropods and to 
both surfaces of the telson when the infection is heavy. Rarely, too, 
they spring from the plexus of the abdominal segments, but never from 
the terga and sterna. 

On the last day of work at Murray Island (October 25) I obtained a 
swimming crab, Thalamita prymna^ which was parasitised by another 
species of Thompsonia (pi. 1, fig. 3). The thoracic legs, including both 
the chelse (text-figure 1), were thickly beset with elongated lemon-yellow 




Fio. 1. 
Chela of Thalamiia prymna p«ra- 
atued by Thomp9ania, X2. The 
number and thick diBtiibution of 
the external sacs along the margins 
of the appendage are shown about 
as in life. 

sacs containing Cypris larvse, much larger than those on SynalpheuB. 
The sacs were nearly 3 mm. in length, counting the peduncle. It 
was impossible, as we were on the eve of departure, to obtain further 
material of this form, but the capture gave me an opportunity of 
examining the genus on its typical host, a Brachyuran. Since the swim- 
ming crab is much larger than the Alpheid, the number of external sacs 
is much greater on the former; a single ambulatory limb may have 
nearly a hundred external sacs upon it. Altogether there were cer- 
tainly more than 500 on my specimen of Thalamita, while the nimiber 
on Synalphetis never reaches 200. 

Dr. W. T. Caiman, of the Natural History Department of the 
British Museum, has been kind enough to entrust to me a specimen of 
AdcBa ruppeUii (pi. 1, fig. 4) from South Africa, which also bears a large 
number of sacs of a species of Thompsonia. Tins species probably 
differs from that foimd on Thalamita, the sacs being much smaller and 
pear-shaped. 

As far as I am able to judge, there is no essential difference between 
the forms of Thompsonia which infest Macrurous and Brachyurous 
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Decapod Crustacea respectively, although, owing to the scantiness 
of my material, I was unable to investigate thoroughly those of the 
latter class. The account which follows is based almost entirely on 
the parasite of Synalpheus. 

THE ROOT SYSTEM. 

The root system is the characteristic organ of the Rhizocephala. 
Delage and Geoffrey Smith have shown that it appears first in the 
course of endoparasitic development and is well established before the 
visceral mass begins to form. There is no doubt as to its existence 
and importance in all genera, with the exception of the doubtful form 
DuplorbiSf but it has been exactly described only in Sacculina. The 
following brief description is condensed from the account of Delage: 

The tissue of the peduncle is bounded by the basilar membrane and from 
this the roots originate. For the most part they originate in a small number of 
large trunks which inunediately ramify and spread. At first the roots follow 
the intestine, which they envelop with a close network. Some then pass into 
the distal part of the abdomen of the crab, penetrate the muscular layers of the 
body wall, and enter the abdominal appenda^. Others pass forward and 
divide into two groups: the first follows the mtestine and passes on to the 
stomach and into the interstices of the liver lobes and the genital glands; 
the second, not quite so important, accompanies the nerve chain, its branches 
following the lateral nerves into the limb muscles and penetrating into all 
the appendages, limbs, antennse, and even the peduncles of the eyes. All the 
organs are invaded except the piis and heart. 

The roots branch with an irregular dichotomy. The separate branches 
never anastomose. In diameter they usually vary from 30 to 40m, but the 
largest may measure 200^. Histologically they consist of the following ele- 
ments: (1) an exceedingly thin external layer of chitin; (2) a layer of cells 
forming a complete internal investment; (3) the interior of the root is occupied 
by star-shaped cells, the processes of which anastomose with each other and 
with the marginal cells. In the largest roots the centre is empty. Refringent 
drops or granules of yolk occupy the meshes. The root system of Peliogaster, 
though similar to that of Saocidina in details of histology and method of 
branching, has a very different distribution. It constitutes a compact mass 
which is concentrated in the neighbourhood of the peduncle, not invading the 
spaces between the tissues of the host in the manner characteristic of Sacculina. 

Such accounts of the root system of Thampsonia as have been given 
by the earlier observers are conflicting and obviously influenced by a 
predisposition to accept the theory that each external sac is a meta- 
morphosed larva. It is, moreover, exceedingly difficult to demonstrate 
the root system of Rhizocephala when preserved by usual methods, for 
the roots, owing to the impenetrability of their cuticular envelope, take 
up stains much less readily than the surrounding tissues. In addition, 
the highly refringent yolk globules, which make the roots easily dis- 
tinguished in life, disi4>pear under the action of alcohol or even formalin. 
And lastly, the roots are even more delicate than in Sacculina, so that we 
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can well understand why Couti^re and Hafele were unsuccessful in 
tracing the course of the system. 

Couti^ was nevertheless able to make out some details of their 
distribution. His description may be given in full: 

"Celles-ci s'ont bien diffdrentes de ce que I'on remarque ches Sacculina 
cardni par exemple; elles sent mfime plus riduites que dans le genre SyUm, ou 
Hoeck les a d^ritc». Ces racines occupent uniquement le bourrelet trans- 
versal du pl^ostemites dent dies ont vraisemblablement provoqu^ la forma- 
tion anomaie; on n'en trouve nulle trace autour de Tintestin ni entre les 
muscles. Elles envahissent, par centre, les lames concentriques du neuril^e 
exteme, tres ^paissi chez A. edwardsi et A. avarua. Elles ont un diametre de 
25 M a 30 M et se montrent ramifi^es et coutoum^es en tous sens." 

Though Couti^re is mistaken in supposing that the roots are local- 
ised in the neighbourhood of the sternum, his observations as to their 
absence round the intestine and concentration round the nerve cord 
agree with mine. 

In Pilumnus, Hafele had a particularly imfavourable host for study- 
ing Thompsonia. The external sacs are all situated on appendages 
with an enormously thick cuticle. The only possible method of study- 
ing the root system was by prolonged treatment of the appendage in 
Perenyi's fluid to soften the chitin, after which sections could be cut. 
From an examination of these he concluded that there was a root 
system of an exceedingly simple kind. Kriiger from a more careful 
examination of material from the same source, overstaining his sections 
and washing out carefully, was able to demonstrate a root system of a 
normal kind and show that the chromatin-rich nuclei which Hafele 
had taken to belong to the root system were actually in the connective 
tissue and blood cells of the host. The root system, then, Kriiger 
decides, does not support the claim that Thompsonia is primitive, and, 
on the other hand, the omission of the NaupUus stage is a mark of 
specialisation. This is perfectly correct, and if he had suspected that 
the roots of adjacent sacs were continuous Kriiger would have been 
able to complete his chain of reasoning. 

My own conclusion is that there is a single root system continuous 
throughout the host, from which all external sacs are budded off so that 
each host is parasitised by a single individual and not by a hundred or 
more gregariously inclined Rhizocephalans. 

I was first able to see the root system in the abdominal appendages of 
an infected Synalpheus. Those which bore external sacs were cut off 
from the Uving animal and examined imder a low power of the micro- 
scope. The endopodites and exopodites are greatly flattened and the 
cuticle is thin and unpigmented. The whole organ is thus transparent 
and the roots are visible as slender strands to which the presence of 
innumerable highly refringent yolk granules gives a greyish colour. 
Usually a single root strand entered each ramus and this gave off a 
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secondary root to each ^eternal sac and generally a number of others 
which ended in club-shaped swellings. The s^jiificance of these last 
will be expttuned later. 

It thus became evident that the root systems of adjacent sacs at least 
were continuous, and ^ce all the sacs upon one host are in the same 
stage of development, it was hardly to be doubted that the one system is 
common to all. Dissections of the trunks of infected Alpheids were 
made and carefully examined for roots. A perfect network of slender 
grey roots was seen to exist in the ventral body wall and to be concen- 
trated particularly in the neighbourhood of the nerve cord. 

The course of the root system in the body of the host particularly 
was best demonstrated, however, in preserved material. The infected 
animals were preserved for further study by fixing either with corroMve 
sublimate solution or Flemming's fluid. In those treated in the former 



Fto. 2; — Abdomiiul tppeadt^e of St/nalvKmu brueai 
infected by Thatitptania; to aliow tli«br»neh- 
ing root Byvtem connecting a numbtv of very 
young eit«ra>l wes. The apeciinQo wu fixed 
in eoiToave Nfatunate and stained with bcoai' 
eainuDe. The roota have tlierefore taken up very 
little Main compared with the tiauea of the hoat 
and ue ibown uiubaded. r.m., viaecni nuua: 
m., mantle; p., peduncle; d., internal bud of 
root ayatem, which alter further devdopment 
will become an eitenial aae. X36. 



mamier the results are not very satisfactory. It is only possible to 
trace the roots because they take up stains so much more slowly than 
the surrounding tissue. In text-figure 2 an abdominal appendage is 
represented which bears a number of young external sacs. This was 
stained in a very dilute solution of borax-carmine for several days. 
The roots connecting the sacs are shown as colourless channels in the 
well-stained epithelial tissue of the appendage. 

But much clearer preparations were obtained from the individuals 
fixed in Flemming's fluid. In appendages from these mounted in 
Canada balsam without any further staining, the course of the roots 
is shown with the greatest clearness by the yolk granules, which are 
blackened by the osmic acid in the fixing fluid. The majority of the 
drawings which I reproduce here to illustrate the root system have been 
made from preparations of this kind. 
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The root system is not localised, then, in the nd^bourhood of the 

external sacs; on the contrary, the main development is in the ventral 
body wall of the abdomen and often, too, the thorax, where it exists as 
a network of thin roots underneath and on both sides of the nerve cord, 
giving off frequent branches into the longitudinal musculature (see 
text-figure 3). In the thorax the roots extend into the lateral and 
dorsal body wall as well. Their distribution is not so wide as that of 
SaecuUna, in that the intestine and stomach are not surrounded, but 
roote occur between the lobes of the liver. In the concentration of 
roots round the nerve cord rather than the alimentary system Tbomp- 
sonia resembles Mycelomorpha (8), the root system of which has, how- 
ever, a much more restricted distribution. 

Branching is dicbotomous and anastomosis of neighbouring divis- 
ions certainly does sometimes occur, a featiu*e unknown in SaecuUna. 



Fro. 3. — Root wyaUm at Thomvania 
mround the vactnl nerva oonl o[ 
Symlp^mt bruen. It hu baoQ 
putully torn in NmoTJiu from tba 
body, uid m> the network it incom- 
plet« in pUoea. Tiied in Flem- 
ming'a fluid. The root Byitem r., 
here end in the GKuree whioh follow, 
i* rereeled by the bleokened yolk 
^buiee whioh it oontains. (.n^c, 
veDtnl ncrre oord; l.n., Ut«rBl 
MTV«. X38. 



This central or internal part of the root system is concerned, without 
doubt, with the nutritive function and is loaded with lai^e and numer- 
ous yolk granules. From the trunk there pass out into the walking 
legs, abdominal swimmerets and tail-fans, lateral roots which, together 
with their branches, may be distinguished as the peripheral division 
of the syBtem. It gives rise to the external sacs and its function is 
reproductive. The yolk granules, though numerous, are small. 

In the case of the abdominal appendages a single root usually enters 
the protopodite, but it immediately divides and as a rule both the endo- 
podite and the exopodite are invaded by secondary roots, which divide 
further, as mentioned above. Where the roots enter the abdominal 
appendages there is sometimes also an invasion of the space within the 
adjacent pleuron. Such a case is figured here (text-^ure 4). A com- 
pUcated knot of roots of the nutritive kind occupies the wider part of 
this space near the attachment of the muscles of the appendage and 
from this are given off two branches which pursue a tortuous course 
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within the broad area of the pleuron. One oS these branchee has g^ven 
rise to an external sac, of which the peduncle (ped.) alone is shown, but 
sacs occur only rarely in this position. 

Similar wide eictension of the system occurs when the tail fans and 
telson are p^ietrated, as is shown in text-figure 5. The single root 
whose course is followed divides into two, each of which gives rise to 
numerous short rootlets and finally anastomoses with its fellow. The 
rootlets usually end in clulMihaped enlargements, but two have fully 
formed external sacs. 



Fin. 4. 

A. Pleuron of sbdomiiud ■ppendavi of Si/naljAau bmcti, ■bowing root ■yitem of 

Thomfenia. r.nut., » nunbtr of toots Uks tbosB of the interior of the 
trunk with Urse yolk ilobuleaj T.rtp,, rooti of Ute pwiphenl tytUeai with 
mueh mwller yolk ^bulea. Then ci^e off one branoh to so eztcnul iko, 
which, bowerer, haa beoi detaobed. lekvlng the peduoole, pei., another 
proBBW. tb., which will ihortly beooms an eitcnul me, probably at Ibe 
next moult, tuid nuouroiu othcn which us not mt all developed u yet. 
Fixed in Flemmini'B fluid. X76. 

B. IntenuU bod of Thomjmiiua. Thii ii ik of fie A mora highly macnifiad. XUO. 

The histology of the internal roots (text-figure 6a) is similar to that 
described in SacctUina, with some modification perhaps due to the fact 
that they are thinner than those of the last-named form. In diameter 
they vary from 10 to 20 /«. There is a very thin cuticular investment 
covering a syncytial external layer, which contains a number of nuclu 
dispersed at irr^ular intervals. In the middle is a lacunar space, 
but I have not been able to demonstrate a lacunar tissue of stellate 
cells, such as is found in Sacculina. It is possible that this may be 
absent owing to the thinness of the roots. The large and numerous 
yolk globules are placed in the syncytial l^rer. 
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The roote of the peripheral part of the system (text-figiire 6b) show 
two well-marked differences. The first of these I have already men- 
tioned, namely, the smaller size of the yolk globules indicating that 
consumption rather than accumulation of food stores is the physio- 
logical condition in this r^on. The second is the occupation of the 
lacunar space by masses of small rounded nuclei with a scanty cyto- 
plasmic investment. The external layer is, on the other hand, free 
from nuclei, which thus appear to have migrated internally. The 
origin of this lacunar tissue must be looked for in the external syn- 
cytium. Its function is undoubtedly reproductive; it accumulates 
particularly as the end of the rootlets which give rise to external sacs. 



Flo. s. 
Tliomv»onia panuiUo on Sytuilpkau 
bmcM, dKtwing nuture extenul bkob 
BprinciDS from a tail fan of the hoat. 
OiM i* full of matnre Cypiu larra. 
In th« other th« larva havs moatly 
Moaped thiouch the ivJctl apertare, 
ap. The root o'atem, r, ia mmark- 
able for the large number ol internal 
buda, d., none of which u« advanced 
in dsveiapment. At an. anaatomooii 
of two Ivanehee may be seen. The 
eitanal eaoa have reoentlr ondel- 
goae a moult and the remnant of the 
ohituioui envelope, eh., ia eeen around 
tin pedunale. Fixed in Flenmuns'a 
fluid. X35. 



It will be well now to consider the terminal swellings of the rootlets 
(text-figure 4b). These are formed by the development of the exter- 
nal syncytial layer as well as the enlargement of the lacuna within. The 
external layer increases in thickness and the nuclei become much more 
numerous, m^rating superficially, taking up a position with thdr long 
axes at right aisles to the border. In fact, the tissue tends to assume 
a regular epithelial structure. Internally the protoplasm contains 
numerous yolk globules of various sizes and nuclei are rare and sparse. 
The interior lacuna is occupied by a dense mass of snmll rounded 
cellules of equal raze which will give rise to the ^g cells and nutritive 
cells of the external sac. 

The whole structure is in fact a developing external sac. By the 
increase in size of the structure it comes into close contact with the 
chitinous cuticle, so that if the Alpheid were to moult it would emerge to 
the «[terior. It is well known, of course, that Saccidina prevents its 



On the Rhizocej^Mlan Genua Tfiomptonia, etc. Ifi 

host from moulting. But some time ago I pointed out (7) that hermit 
crabs infected by PeUogaster still moult frequently and now it is to be 
recorded that, althou^ the root system of TJumpsonia is almost as 
extensive as that of Sacculina and the great number of external sacs 
must require a lai^e and constant supply of nourishment, yet no check 
appears to be placed on the moulUng function of the host. Tlie 
number of moults observed was, it is true, only two or three, but this 
was due to the difficulty experienced in keeping SyncUpheua in captivity 
and to the short time of observation, and I do not doubt that the 
moulting of infected specimens is a normal and frequent phenomenon. 
Not only, then, is the whole niunber of existii^ external Baca budded 
off from one root system, but proviaon is made for replacing these when 
they have functioned. A necessary condition for securing this replace- 



Pio-S. 

A. Boots of oeotiml fysMm, diowinc extcnul Uycr, ■. I.; with nuolii, n^- lacunar 

•pwM. IM.; jrolk ^(>biilaa, y. X6eo. 

B. Boot ot ptviphsral ayBtem mniiiiis through a pleuroo of Bt/naiphMu. Thii 

abowa the i)on-DU(lea(«d «((«m»l Ia7<r, ths laounar tiwuB, lac tU*., and 
a devdoping asc m. X660. Fixed in ooROiive mblimata and ataioed 
with borai-cannine. 

ment is that the host should continue to moult. Further consideration 
will be ^ven to the whole phenomenon after the sections dealing with 
the external sacs and the development of the egg cells. At present I 
wish to point out that the root system has the remarkable power of 
r^enerating external sacs and producing germ cells throu^out the 
whole period of its existence. 

If the distribution of the external sacs (which must follow that of the 
root system) is studied in a series of individuals it is seen to vary con- 
^derably. In some hosts they are confined to the abdominal swim- 
merets, but in the majority they are also present anteriorly on the thor- 
acic limbs and posteriorly on the tail-fans and telson. In the former 
Ughtly infected individuals the root system has, we may suppose, been 
established for a comparatively short period, while in the latter class 
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tiie root system has had time to spread throughout the vhole body 
of the host. From the fact that tl^ external saca appear at first only 
on abdominal and never on thoracic appendages alone, we may safely 
conclude that the internal stage of Tkompsonia fixes and grows in the 
abdomen of the host, as is the case in Saectdina and probably the other 
members of the Rhizocephala. 

THE STRUCTURE OF THE EXTERNAL SACS. 

It has already been pointed out that the external sacs are rounded or 
cylindrical bodies attached to the host by a peduncle and varying in 
length from 0.5 to 1.0 mm. in the parasite of Synalpheua, attaining 
to 3 mm. in that of TJudamiia. liie smaller forms are inunature, 
the latter are occupied by larvie ready to hatch. The external sacs 
are probably homologous with those of the typical Rhizocephala, but 
differ from this in the ^mpUcity of their structuav, a simpUcity which is 
due to their lat^ number and smaU size. Of the organs contained in 
the visceral mass of StuxiUina or Peiiogaster, the nerve gangUon, repro- 
ductive ducts, muscular tissue, {md probably too the testis, have been 
lost. 



Fia. 7. — Yonnc aUntal me ot Tkompionia; whota pnipKrktioa to diow genend 

•ppe&nnce of m&ntle mid ovary. X60. 
Fia. 8. — FortioD ol tnuwveraa wcitioD o( a mora advuioed extenul mo. X240. 

m., nutntie; eh. tx., aztcnkml layer ot ohitin; eh. in., iat^^ial layer; vac., 

vacuoUUd eitomal layer of viweral man; o., ovary, mth oi., develo|>- 

ing eggB, and t.e., iDterstitial Mil*. 

Coutidre states that the external sacs of Thylacoplethiu show the 
following typical Rhizocephalan structures: "Un Tnankau k double 
paroi, dans lequel est suspendue une masse viscirale et qui porte une 
ouverture cloacale." With this general summary I am in agreement. 
Hafele, on the other hand, does not appear to recognise any homoli^y 
between the external layer of tissue (aussere Gewebeschidit) and the 
mantle of other Rhizocephala, or between the internal body (intemale 
Gewebeschicht and Ovarium) and the visceral mass. There is, however. 
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no definite mantle cavity between the mantle and the visceral mass, 
for the latter fills up all the internal space. The so-called mantle 
cavities which are described by Couti^re and Haf ele and figured by the 
latter author are, in my opinion, merely artifacts. In many of my own 
sections the shrinkage of the visceral mass due to unequal fixation has 
been followed by the appearance of a space between the former organ 
and the mantle, but in others the preservation is sufficiently good to 
show the true state of affairs. The thick external cuticle of the 
mantle prevents the proper penetration of reagents and on this account 
it is easy to make mistakes. 

The mantle consists, in my material, of a syncytiimi in which the 
nuclei are mainly concentrated on the external and internal borders. 
This is due to the fact that there is secretion of chitin on these two sur- 
faces forming an outer and inner investment of the mantle. The nuclei 
of the outer layer are more crowded and numerous m correlation with 
the greater thickness of the chitin here. The chitin of the internal 
boimdary is exceedingly delicate, but it is only the presence of such a 
structiure which enables us to homologise the outer part of the external 
sac with the mantle,* in the absence of a mantle cavity. Between 
the two thickly nucleated layers there is a mesh-work of protoplasm 
with a few scattered nuclei. 

The visceral mass consists of an investing layer of vacuolated tissue 
with scattered nuclei (^innere Gewebeschicht of H&fele) which does 
not appear to take part in the secretion of the inner layer of chitin 
(vac.) and a central mass, densely packed with nuclei, in which the ova 
arise (av.). This central mass was called the ovary by H&fele. 

But distally to the ovary there is a second region where proliferation 
of nuclei takes place, but no egg cells arise. This is described by H&f ele 
as a testis because the cells are rather similar to the spermatogonia of 
other Rhizocephala and many of them are in course of division. No 
spermatozoa are seen at any stage examined and an inspection of 
Hafele's figures does not inspire much confidence in his conclusion that 
Thompsonia is hermaphrodite. The active division of the nuclei in 
this region is accounted for by its apical position, which makes it a 
centre of proliferation. Growth proceeds throughout the development 
of the ova, imtil the larvse are ready to hatch, and H&f ele states that this 
organ has disappeared by that time. Certain large cells, with nuclei 
four to five times as great as those of the surrounding cells, seem to 
me to be clearly egg cells rather retarded in development, and their 
occurrence here shows that the apical portion of the visceral mass is not 
substantially different from the rest, but contains a larger amount of 
embryonic tissue. 

*Tlie roots, m*nUe, and TiMeral maM of Thamjmoma fonn a vsmoytium withoat any cell 
boundariM whatever, and it is not correct to speak of layers of cells, as Cootite and Hif ele have 
done. This point is q;>eeially emphasised by Contitee. 
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So far as my own experience goes there is no sign of any organ which 
can be called a testie nor of spennatozoa wandering throi^h the 
tissues. I think that probably Thompsonia is to be placed with SyUm 
and Mycetomorpha as Rhizocephala which have substituted partheno- 
genesis for hermaphroditism. 

Couti^ also seems to refer to this organ in speaking of a distfUly 
situated growing point. I must confess myself unable to understand a 
good deal of his description without the aid oi figures. His conception 
of the life-history of Thompsonia, moreover, leads him to see in the 
visceral mass the abdomen of the Cypris larva and explain the prolifer- 
ation here by the laws of growth observed in Annehds and Crustacean 
larvn. 

DEVELOPMENT. 

The account which I give of the development of Thompsonia is very 
incomplete, for the material in my possession illustrates only a nimiber 
of isolated stages. I have not been able to gather any information 
about the maturation of the ^g. 




Flo. 9.— Developing egga ot Thompitmia. XIOOO. 

A. YounceggocIL D. Besumius of gMtnilatioo; raieromwMhAva 

B. Oocyte Dudaui has oome to lie eioen- divided; maenmeTei undivided. 

bioally owins to the developmeDt of B. Developmentof gaatnilatioD; appeukneeof 

yolk (in black ^obutes) . vacuolee in the protoplium of the mMro- 

C. FouihmU itage: two micromerM mem. 

(niMhwied) and two lUMrMMrM F. Oaatnilatiwi oomplete; maeromerM hava 

(■haded) ooDtaining the yolk. divided onoe, eo there are now four odls; 

nuxe generally there aeem to be three. 

In the youngest external sacs the visceral mass is occupied by small 
cells of uniform die. Amongst these there soon become differentiated 
young oogonia which are rather larger than the renuuning interstitial 
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cells (tezt^figure 9a). These latter, when teased out from the living 
parasite, take up amoaboid forms. In the oocyte stage the genu cells 
increase in sue and yolk globules accumulate within them. In the 
internal buds this substance is confined to the external layer, but in the 
external sacs it occurs within both the visceral mass and mantle. The 
interstitial cells contain it and very possibly transfer it as required to 
the developing ^^. 

When the oocyte attains its ivH size the nucleus lines on one side with 
the yolk granules occupying the largest part (text-figure 9b). They 
vary in number and are very uneqital in sise, but there are generally 
three or four large ones. The ^^ is very unlike that of Saccidina with 
it6 numerous equal-siied globules, which seem to occupy the whole spaoe 





Via. 10. — "Pro-Cypria" Urva of Tkamptonia from Thalamila in egg-mambruia. X37S. 
Fn, 11. — Cypriibrraof ThMnpwnta from SynolpAou. Tk* dottad am in th* rantnl pMt at 
ths body ooDtainl rMorre mAterials. an., uiMnas. X470. 

within the egg membrane. While, moreover, the egg of Saceulina is 
oomparatively large, 600 to 800 n in diameter, that of Thompsonia 
measures only about 34 fi. 

Segmentation commencee unequally, a micromere and a macromere 
with all the yolk being formed. Both micromere and macromere take 
part in the second (text-figure 9c) and probably also in the third division, 
but after this the yolk-containing cells cease to divide. The continued 
division of those without yolk leads to thsat rapid extenaon over the 
yolked cells and gastmlation (text-figure 9 D, b, t) thus takea place by 
q>ibole. 

Beyond the gastrula I have not been ableto trace development. The 
next stage observed is oomparatively far advanced, showing a mngle 
pair of rudimentary processes, probably representing the antenns. I 
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am not able to say whether any stage resembling the Nauplius is passed 
through within the egg membranes, but think it is unlikely. 

I figure here a "pro-Cypris" stage (text-figure 10) where the typical 
form of the Cypris has been attained, but the secretion of chitin has 
only just conunenced and so the appendages have not assumed their 
articulate form. The embryonic antenna are much larger in size than 
their ultimate development would lead one to expect. 

The Cypris larva (text-figure 11) has rather a broad, squat form com- 
pared to that of other Rhizocephala. As Haf ele has pointed out, it is 
very much reduced in organisation. The antennae appear to lack 
the ''appendices sensoriels,'' which in Sacculina are used for anchoring 
the larvse to the hairs of the host. The distal article of the antenna 
is very small and the cement glands which might supply a secretion for 
fixation were not seen in the larvse examined, so that it is not clear how 
attachment is effected in the first place. All these points in Hafele's 
description are borne out by my material. It is supposed by Haf ele 
that attachment takes place on a freshly moulted crab, for the occiu*- 
rence of external sacs on the hairless parts of the carapace must be 
explained in this way, according to the development in place theory; 
but since this theory is no longer tenable, we are left with the onus of 
explaining attachment in some other way. It is possible that cement 
glands are really present, but are seen only with difficulty in preserved 
material. 

THE CHANGES IN THE VISCERAL MASS DURING DEVELOPMENT. 

As development proceeds the larvse take up more room, the egg mem- 
branes in which they are contained stretching with their growth. The 
interstitial cells appear to decrease in number and in the later stages 
the interior of the visceral mass consists of a mosaic of developing 
embryos, all in contact with small numbers of interstitial cells in the 
gaps between the egg shells. The mantle, too, as the result of the 
pressure of the embryos, becomes a very thin layer of tissue. 

There is, however, a definite organ in the centre of the visceral mass 
which makes its appearance at this stage and retains its individuality 
until the larvse hatch. This is a long thin process, the continuation of 
the pedimcular tissue, and it is hardly to be doubted that its function 
is to supply nourishment to the developing eggs. (It is very well 
figured in H&fele, 1. c, Taf . 2, Fig. 14, achw.) Couti^ says, in refer- 
ence to it, that it represents the whole visceral mass; he regards the 
developing eggs as now occupying the "mantle cavity^' (cavitd incu- 
batrice), while the ovarian epithelium has entirely disappeared. As 
stated above, the mantle cavity has no real existence in Thompsonia^ 
and in yoimg specimens it is not simply the matter of an ovarian epi- 
thelium, but the ovary occupies almost the whole of the visceral mass. 
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It is interestingi however, to compare this organ with the so-called 
ii^^Ai^ff in the sporosacs of the Hydromedusse. Here we have an 



exceedingly degenerate form of the medusa, with the germ cells lying 
between a smgle layer of ectodermal cells and the endodermal core. 
This latter is the ''spadix'' and it forms a tube which may be greatly 
elongated and even branched, wandering in the midst of the generative 
cells. In the general simplification of structure it is thus elaborated, 
no doubt, to supply nourishment to the developing eggs. But the 
organ described in Thompsonia is by no means so definite as this. 

THE LIBERATION OF THE CYPRIS LARV;E. 

In Couti^'s first note upon Thylacaplethus it is clearly stated that 
a cloacal apertiure is present, which is, however, closed by "le parol 
exteme du manteau," by which I understand that the protoplasmic 
part of the mantle is penetrated by an apertiure, but the chitinous 
envelope is entirely continuous. He beUeves that the embryos are 
hberated by a moult. H&fele, however, denies the existence of a 
cloacal apertiure in the mantle of those species of Thompsonia which 
came under his notice. In T. japonica he states that the larvse are 
finally freed by a longitudinal splitting of the chitinous envelope (\. c, 
Taf. 1, Fig. 1). But in a second unnamed species every external sac 
possesses a genital pore — ^that is, an opening in the chitinous envelope 
closed by a lid which falls away at the appropriate time. The agency 
of a moiilt is not required. 

An investigation of my own material leads to conclusions in harmony 
with those of Couti^re. In one example a number of the external sacs 
were more or less empty. All these had lost their chitinous envelope, 
save for a frayed collar round the peduncle. A small apertiure was 
situated at the apex of the sac in the mantle and this gave a definite 
outlet for the embryos. This is represented in text-figure 5. The 
aperture must, however, make its appearance at a late phase of devel- 
opment; for, although it is such a regular and definite feature here, no 
signs of such an organ occur in any other specimens in my possession. 

It seems likely that the description which H&f ele gives of the larvse 
of T. japonica escaping by means of an irregular rent in the chitin is 
an observation of an accidental case. With regard to the definite lid 
observed in another species, this may constitute a true specific dis- 
tinction. 

THE FX)RMATION OF NEW EXTERNAL SACS. 

When the Cypris larvse have all escaped nothing is left but a hollow 
sac (cf . text-figure 5) . As the visceral mass thus disintegrates with the 
progress of the development of the larvse, the question naturally arises 
whether the existence of the parasite is terminated at the birth of 



22 Papera from the Department of Meuine Bi4>to(iy. 

the first brood of larvs. H&fele concluded that this was bo.* But, 
as I have mentioned above, this question was answered in the opposite 
sense by observation of the moulting of an infected host. On Septem- 
bs" 30 an Alpheid was collected which bore large external sacs, contain- 
ing Cypris larvs, nearly all situated on the abdominal appendages. 
It was isolated and the next day was foimd to have moulted, the exter- 
nal sacs of course beii^ carried away with the cast skin, which was 
preserved. Three days after this the host was examined to see whether 
any recurrence of external paradtic structures could be noted. A 



F)o. 12. — Fint mbdominal Kppead«g« <nsbt hand nde) of Sjinalrhtu* bmen 
bewitis external saca of Thompamia, X28. 

A. Cast akin ihowins external sacs (s. •■) oontttinipg nearly mature larvai. Only 

two aaoa are stlU pMeat, tha otben having been aoddentally detauhed. but 
the round blaok rings Ipol.) indicate their position. 

B. The same appendage 3 days after moulting, ahowiog the new crop of external saoa. 

number of pink bodies much smaller than any olraerved hitherto, but 
with the characteristic structure of the external sac, were found on the 
abdominal appendages. One of these was cut off and, after bong 
examined alive, was fixed carefully. I give here two figures comparing 
the old external sacs on the cast skin and the new on the appendage 
after moulting (text-figure 12); they show that the distribution is 
roughly similar, but in no case are the positions identical. The new 

•"Dieoe ReduktioD del Organe hAact offenbardainit luaaminen, daae die Panwitenlnut 
(inmal fUiis sind, NacbkGmmen lu produrieren, wie aua den Verhalten dee Dvariuma und Bodens 
■eachloeeen werden kann." 



On the BhiMoeephalan OenuB Thompsania^ dc. 28 

sacs, then, evidently originate from the internal club-shiqied processes 
of the root system; the rootlets which supplied the old external sacs do 
not regenerate new ones at once. 

Clearly, then, successive crops of sacs containing the reproductive 
organs are produced by the root system. It would seem likely that 
the period of development of the parasite has been adjusted to cmre- 
spond to the time elapsing between moults of the host. This theory 
is supported by the fact that in the case cited above the external sacs 
contained advanced larvse at the time of moulting. I imagine that the 
disturbance connected with capture and change of conditions hastened 
the moult, which otherwise might not have occurred until the larv» 
were liberated. If the correspondence does not exist, or is only partial, 
an immense waste must go on; for surely the moult of the host and 
consequent disconnection from the root i^stem will suspend the devel- 
(^ment of the parasite and interfere with the mechanism for securing 
the liberation of the larvse. 

DEVELOPMENT OF GERM CELLS IN THE ROOT SYSTEM. 

I have pointed out that the peripheral root system contains in its 
lacunar space multitudes of minute cells, which, in the formation of 
internal buds, migrate into the interior and form the ovary of the 
future external sac. At first they all appear exactly similar, but it is 
clear that only a small proportion actually become ova, the remainder 
being interstitial cells. We do not know how the germ cells are stimu- 
lated to simultaneous development, but whatever stimulus it is that so 
acts is not confined to the external sacs, but is also felt throughout the 
peripheral root sjnstem; for when this is examined in a q)ecimen with 
well-developed external sacs there are seen, among the cellules of the 
lacunar space, much larger bodies corresponding in size and structure 
with the segmenting eggs foimd in the external sacs. One of these is 
figured here (text-figure 8, ov.). These eggs, for such they undoubt- 
edly are, are not so numerous as those concentrated in the external 
sacs, but they are widely diffused throughout the peripheral system. 
They develop imtil gastrulation begins, but how much further than 
that I do not know. They certainly do not produce larvsB; yet the 
eariy segmentation seems to be normal and the egg is surrounded by a 
ohitinous shell. In one of my preparations the egg i^peared to 
break up at a later stage and the blastomeres to separate, but this 
was indicated only indistinctly. The existence of these bodies in the 
root system is exceedingly interesting and the problem of their fate 
is important. 

I have not observed whether the stages of development of the eggs 
in the external sacs and in the root system correspond exactly. 
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THE SOCIAL FORMS OF PELTOGASTER AND THOMPSONIA 

COMPARED. 

*' Peliogaster aodalis ... is remarkable for the fact that it is never found 
solitary, but always infests a single host in numbers varying between 4 and 30, 
the usual number being about 20 . . . The numerous parasites aflSxed to 
each host are always at very much the same stage of development, so that the 
infection by so many individuals must have taken place at the same time. 
There is a certain mystery to be solved here, because the parasite in general is 
so rare that its occurrence, when it does occur in such large niunbsrs on a 
single host, must either mean a most peculiar gr^^ous habit in the C3rpri8 
larvse or else we must look for some quite different explanation. The explwa- 
tion which occurred to me was that the numerous individuals on a sin^e 
host are really the product of a sin^e Cypris larva by a process of budding 
from the endoparasitic central tumour and its root system. Althou^ this 
would mean an imique process in Crustacea, namely, the production of a true 
colony by budding, there is nothing inherently improbable in the hypothesis, 
if we take into account the peculiar nature of the development of the Rhixo- 
cephala, {. e., the assumption in the middle of the developmental history of 
an embryonic condition. 

''There is also a further fact which made me expect to find such a process of 
budding. Delage, in his memour, makes mention (p. 665) of finding in the 
central tumour of a Sacculina interna two cellular masses, representing the 
future visceral mass and mantle, instead of one, and he wonders whether it is 
possible for a single tumour ever to give rise to two Sacculine; but he dismisses 
the idea partly because his preparation was a poor one and partly because 
this hypothesis is contrary to the general facts of development. 

'' Now, in the course of my investigations on Sacculina interna^ I have found 
incontestable evidence on two occasions that Delage's first opinion is perfectly 
correct, and that occasionally two Sacculina may begin to form a single central 
tumour; but whether two such Sacculine ever come to maturity I am unable to 
say. Chie of these specimens is shown in plate 6, fig. 10. It is here seen that 
two mantle and visceral masses are developing opposite one another in a 
sin^e central timiour, which must of course have been produced from a single 
Cypris larva. 

''There is therefore a tendency towards a kind of polyembryony or budding 
of the 'nucleus' of the central timiour in Sacculina j and this led me to suspect 
that possibly in Peitogaeter sodalief and in such a genus as ThylacopletkuB 
(Couti&re), in which the parasite is present to the mmiber of about a hundred, 
this process of budding has become normal and permanent. 

"According to this view it should be possible to prove that the root systems 
of the apparently separate individuals of P. socialie on the same host are all 
in connexion; I was therefore at pains to investigate this subject. To my 
great disappointment I was able to prove that each individual has a separate 
root system at no point in continuity with that of another individual. Fur- 
thermore, in one instance I was so fortunate as to come across a crab infected 
with Pdlogaster socialis, the individuals of which were still internal^ and at a 
very early stage in development, and even at this early stage there is no con- 
tinuity between the timiours and root systems of separate individuals. Plate 
6, fig. 9, is a section taken through two central timiours of P. eodaiie . . . 
The hypothesis, therefore, that the individuals of P. sodalia are produ(^ by 
budcUng from a single tiunour receives no confirmation so far from the inves- 
tigation of facts, but I do not yet altogether give up the hypothesis. It may 



On the Rhusocephdian Genus Thompeonia, etc. 25 

wdl prove that the slitting up of a sin^e central tumour into the rudiments of 
several individuals takes place at a still earlier stage, before any differentiation 
of the tmnour has occurred, possibly soon after the entrance of the embryonic 
cells of the Cypris larva. The final test of this hypothesis must, however, be 
left to the future, for someone who has the opportunity of studying either 
this species or some such form as ThylacopleOiue^ where material is abundant/'* 

I have given this quotation from Smith in full because I feel certain 
of the general correctness of his suggestion that where ^'numerous 
individuals on a single hosff occur in the Rhizocephala they are really 
produced from a single Cypris larva by a process of budding. It is 
amply proved in Thampaonia^ I claim, by the evidence here put for- 
ward, even though I have not been able to describe the endoparasitic 
stages; and in PeUogaster socialie, with which the passage I quote is 
specially concerned, I feel confident that a similar phenomenon takes 
place. 

It is perfectly certain, however, that the details of the budding pro- 
cess differ in the two genera. Smith has shown in P. eociaUs^ there are, 
in the endoparasitic stage, separate central tumours (the anlagen of 
the visceral mass) and separate root systems belonging to them. 
He suggests that division of the original embryo may even take place 
before there has been any differentiation. Thus early division and 
consequent development of separate embryos, each with a separate 
central tumour and root system, are probably characteristic of the 
budding process in P. socialis. In Thompsonia the parasitic organism 
is at all stages continuous within the body of the host and consists of 
a single root qrstem which is established first, and a large number of 
reproductive sacs which are budded off and become external at a later 
phase. Their number and late and recurrent appearance are character- 
istic of Thampeania and correlated with a degenerate structure. 

It will be of interest in connection with this discussion to give a small 
series of drawings of a social Rhisocephalan very similar to PeUogaster 
socialis and, I think, identical with the form from Japan described by 
KrQger as a new genus and species (PeUogcisteretta socialis). In 1911, 
while enjoying the delightful hospitality of Professor Trevor Eoncaid 
at the Puget Sound Marine Biological Laboratory at Friday Harbour, 
I collected a number of individuals of the hermit crab, Pagurtis alas- 
kensis heavily infected by this form. Plate 2 represents the para- 
site at three widely different periods of growth, but in each case all the 
individuals are of uniform sise, and, it can hardly be doubted, of the 
same age too. The only alternative to a theory of budding is that of 
simultaneous fixation of the Cypns larvse. This theory indeed sup- 

*8miUi, L e., pp. 57-^^ 

fThis does not apply to all tlie nimieroaa instances where a orab bears two or three 8aoe¥linm 
or a hermit erab more than one PeUogaaim', Far more oommonly these must be o a se s of sue- 
oessiTe infections. 
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poses, as Smith remarks, ''a most peculiar gr^arious habit in the 
larvse/' and when we remember that marine larvse are dependent for 
distribution, so far as we know, on chance vagaries of current rather 
than an internal migratory instinct, I for one can not suppose that so 
many larvse should share a common path to their intended host and 
achieve such remarkable success in fixation. It is true that Delage, 
experimenting on the development of SaccuUna^ found that of a brood 
of Cypris larvse, confined in a small aquarium in company with a crab, 
large numbers were foimd attached to the carapace of the crab; but 
this was certainly due to the stillness of the water in the aquarium and 
the small space in which the thousands of larvse were confined, condi- 
tions which would hardly be repeated in nature. The fact that two 
Sacculinse are occasionally, and even three rarely, found on a single host 
shows that contemporaneous infection does take place, but it also 
shows, I think, its comparative infrequency. 

I regret that I can not throw further light on the question of the con- 
tinuity of the root systems of adjacent parasites, for I think Geoffrey 
Smith's statement requires confirmation. The time at my disposal 
was short and material came into my hands only early in my visit, so 
I did not preserve it carefully for histological study. Nor was I able 
either to make the search I had intended for the Peliogaster interna 
stage. But the whole life history is worthy of an exhaustive study by 
some worker on the Pacific coast having access to this rich source of 
material. 

THE EVOLUTION OF THOMPSONIA. 

If a budding process is actually proved to exist in Peliogaster and 
PeliogastereUa it helps us to imderstand how such a form as Thompsonia 
has risen. When once the continuity of the root system in Thomp- 
sonia is demonstrated, it becomes impossible to regard it as a primitive 
representative of the group; it must, on the other hand, be admitted 
to be the most specialised of all. The root system is undoubtedly a 
new development unrepresented in the tjrpical Cirripede; but in the 
course of endoparasitic development in Sacculina it appears before the 
central tumour, which in its complete development as external sac may 
still be said to show something of Cirripede structure. But the 
retardation of the appearance of the external sacs here foreshadowed 
reaches its climax in Thompsonia. There is here still fiuther exalta- 
tion of the root system at their expense, for not only do the roots 
fulfil their nutritive functions, but they also produce germ cells. The 
root system is, in point of fact, the organism and the external sacs are 
merely externally placed ovaries, organs of a wholly transient nature. 

It is hardly possible to consider Thompsonia as a direct descendant 
of Peliogaster socialise but the former genus may well have had an 
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ancestor with many external sacs of normal Rhizocephalan iTpe. A 
lycely scheme of evolution is the following: 

The typical Rhisoc^halan with single external sac and sin^e root system. 

V 

Rhixocephalan with sin^e root system but several external sacs of 

normal structure. 

I I 

V V 

PeUogiuter wcialis. Thampsonia. 

Separate external sacs and root A single root system and many externa 

systems. sacs of simple structure. 

In this remarkable life-history we find many phenomena which could 
hardly have been expected in so high a phylum as the Arthropoda. 
The analogy with the Fungi is strikingly shown in the mycelium-iyce 
root-system, producing its singular asexual reproductive organs, which 
are not dissimilar to the sporangia of a form like Mucor. A more con- 
vincing parallel may be drawn with a lower animal phylum, the Gcelen- 
terata, where typical Hydromedusan forms, like Obdia and Podoeofyne^ 
produce medusa buds with a complex structure and germ cells differ- 
entiated in 9iiia] while there are other genera, like Eudendrium and 
Aglaapheniay in which the medusoid individuals are entirely degen- 
erate, with the simplest structure, and the germ cells are formed in 
the ccenoearc and migrate thence into the medusoids. If SaccuKna 
and PeUogaster correspond roughly to the former class, Thompsonia 
occupies a place similar to that of the latter. 

THOMPSONIA AND THYLACOPLETHUS. 

When Coutidre established his genus Thylacoplethus he remarked 
that in form it approaches Thampwnta globosa Kossmann: 

''Mais il doit en 6tre B6psi6 g^n^riquement, mdme avant toute comparaison 
de la structure interne; Thompsonia a ^t^ trouv6e fix6e sur les pattes d'un 
Crabe (Melia teasdata Latr. provenant des Philippines), c'est-a-dire sur un 
Crustac^ tres floign^ des AlphSes dans la syst&natique, et d'autre part Thyla^ 
eojAethus offre le premier exemple d'un Rhisoc^phale aussi completement 
gregaire." 

In spite of the very incomplete description of Kossmann's parasite, 
Hafele is almost certainly correct in identifying the Japanese form 
described by him as Thompsonia. There is only one serious discrep- 
ancy to be explained. In the tjrpe T. globosa only two external sacs 
were foimd upon the original host, while T. japonica is as "gregarious" 
as Couti^re's Thylacoplethus. This is not a point, however, which 
weighs with me at all, for I know how easily these sacs are detached. 
There were probably a larger number present at the time of capture. 
The hosts were in both cases brachyurous Decapods and in both cases 
the parasites were attached to the thoracic legs. It seems, however, 
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that Thompsonta is not like the other genera of Rhizocephala, the 
occurrence of which is confined in each case within a very narrow 
division of the Decapods, but enjoys a very wide diversity of hospi- 
tality; for Eniger reports that not only does T. japonica parasitise 
Brachjrura, but is even found upon a hermit crab (Pagurus striatus). 
The two points, then, upon which CoutiSre lays such great stress are 
shown to be without importance by later work. 

Why, then, did Hafele not recognise the identity of Thompsonta and 
Thylacoplethust His negative decision rests upon points of difference 
in structure, but he makes some reservation owing to the imsatisf actory 
nature of Couti^re's unillustrated account. I will quote his concluding 
sentence: 

''Gerade aber der Umstand, dass Coutidre von einem 'Manteau k double 
parol chitineux dans lequel est suspendue une masse viBC&^e, et qui porte 
une ouverture eloacale' ^richt, ULsst mich mit siemlichen Sicherheit vermuten, 
dass in ThylacopUihus eine gans andere Gattung vorliegt." 

I am at a loss to understand why Hfifele did not find an inner layer 
of chitin (the internal boundary of the mantle), but I think it will be 
found to exist in T. globosa when better preserved material is examined. 
With regard to the existence or non-existence of a cloacal aperture, 
this apparent difference is due to the fact that the organ appears only at a 
very late stage in development. But in any case I hardly think that, 
in view of the obvious agreement in structure and development, there 
could be any reason for separating generically Thompsonta (as described 
by Hafele) and the forms parasitic on Alpheids (as described by 
Couti^re and myself). My own observations fail to reveal any differ- 
ence between the parasites of Brachjrura and Alpheids and an exam- 
ination of the figures given by Hafele for Thompsonta globosa (for stages 
which the parasite of Thalamita does not show) and comparison with 
sections of corresponding stages in the Alpheid parasites show an 
essential similarity. 

There is one point to which I refer further in the next section in 
CoutiSre's description of ThylacopUthus^ but may be briefly mentioned 
here. It is the occurrence of parasites on the sternum and not on the 
appendages of the host. But this difference can hardly be conceived 
to be of generic value. 

AMENDED DIAGNOSIS OF GENUS. 

Thompsonta Koesmsjm{^ThylacopleihiLS Coutidre). 

A colonial Rhizocephalan infecting various Decapod Crustacea. Root 
system diffuse, widely distributed in body of host, sending branches into 
thoracic and abdominal appendages, which give off numerous sacs containing 
reproductive cells and becoming external at a moult of the host. These 
eoUemal sacs consist of a mantle and visceral mass without an intervening 
mantle cavity: mantle thin and devoid of muscle fibres. Visceral mass con- 
tains ovary only without generative ducts, testis, or nerve ganglion. Develop- 



On the Rkuocephalan Genus Thompsania, eic. 



29 



ment probably parthenogenetic. Nauplius stage omitted from life-history, 
larvse liberated at Cypris stage, after disintegration of the visceral mass, 
through apical doacal aperture which appears in the mantle at a late stage. 
Moulting of host not prevented. 

I will quote here the original description of Kossmann (6, Taf. v, 
Fig. II a) : 

"Die Thompsonia globosa entbehrt einer Manteldfifnung. Dagegen besitst 
sie einen ausserordentlich langen Rtkssell, welcher etwa in der Mitte seiner 
L&nge einen Ring verdickter Cuticula zeigt. Der Korper des untersuchten 
Thieres war g&nslich reducirt, die Bruthdhle aber angeftUlt mit Larven des 
Cypris stadiums, welche zwei Augen besassen. Die grdsse des Thiers war 
sehr gering: 1.8 mm. L&nge incl. des Rtissels su 0.75 mm. Breite. Die 
beiden Exemplare nachwelchen die obige Idckenhafte Beschreibung gemacht 
ist, sassen beide, nicht am Abdomen, sondem an den Beinen einer Mdia 
treseeUUa. Fundort, Aibukit, Palaos." 

THE SPECIES OF THOMPSONIA. 

The following is a list of the species which have been described up 
to the present: 





Host. 


Plaoe. 


Lenth of external 
sao. 


Thompaoiiia i^boM Ko«m.. . . 
ThompaoniA (ThylAOoplethus) 

adwtfdaCout. 
Thompaonia (Thylmooplethus) 

benrteli Cknit. 
Thompaoiiim (ThyUooplethus) 

■p. 
Thompaonia japoniea Hifele. . 

Thompaonia affinis KrQger 


> Melia teoMllata 

' AlpheuB edwaidsi. . . . 

AlpheuB maaochiniB 

AlpheuB avaniB 

Pflumnusq;) 

Pftgunis striatos 

Diptyehusq) 


AibokH Pelewa... 
Thonday Island. 
Tones StraiU. 
Femando Veloeo. . 

Tones Straits 

JapAo 


1.8 mm. 

4.5 mm. 

1 mm. (sroung). 

2 mm. elongated. 
1 mm. round. 


Japan. 

Ji^;>an 





This list does not include the parasite mentioned by Spence Bate 
as occurring on Alphetie digitatus from Fiji. It appears to be a species 
of Thompaonia. 

I next give a tabular statement of the forms of Thampsania which 
I have seen myself and the characters in which they differ: 



Speeies on whieh the 
forms oeeor. 


LoeaUties. 


Diffevenoes in oharaoteristies. 


Oynalpheos bruoei. . . 
Aottta ruppelUi 


Monay Island. Tones Straits. . 
South Afrifa ... . 


External sae, pear-shaped, pink, 1 
mm. long. Cypris. 

External sae, pear-shH^wl to round, 
1 mm. long. 

External sae, elongate, lemon-yel- 
low, 3 mm. long. Cypris. 


Munay Island, Tones Straits. . 
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It is, I think, very difficult to eBtabliah sped&c disttneticMis xmtii 
mmre material oi Thompsonia has been collected and compared. At 
present one can not say how far the character of the host affects such 
superficial characters as size, shape, and colour. I think that in the 
three forms which I have examined we very possibly have three distinct 
species, but I refrain from burdening systematic zoology with fresh 
names when we know so little about the validity of those ah'eady 
given. 

One point in Coutidre's description of Thylacoplethtis may have an 
important bearing on the systematic question. In the three Alpheids 
which he examined the parasites were, he says, situated on ''les 
quatres premiers pl^ostemites, qui se montrent soulev^ en un large 
bomrelet transversal.'' And he contrasts this with the form, certainly 
very near and probably identical,* which Spence Bate mentions and 
figures in the Challenger monograph on the Decapoda, occurring to the 
number of 30 individuals at the base of the abdominal appendages of 
Alphetis maUeodigitaius from Fiji. The parasites which I describe from 
SynalphetM are also confined to the appendages and are therefore, if I 
read Couti^re's account aright, much more like the Challenger form than 
are those of the French investigator. It is possible that a section of the 
genus is characterised by the occurrence of the external sacs on the 
sternum rather than on the appendages. 

THE INFLUENCE OF THE PARASITE ON THE HOST 

So far as my material goes, the effect of the parasite upon the host is 
negligible. The gonad does not diminish in size and in some cases at 
least does not cease to function. One female Alpheid which I collected 
had both fertilised eggs and parasites upon her abdominal appendages. 
This was probably an exceptional case. 

The secondary sexual characters do not undergo any change. The 
specimen of Thalamita prymna was a heavily parasitised male, but the 
abdomen showed no broadening, assumption of female appendages, 
or diminution of copulatory appendages. In the Alpheid Synalphens 
hrucei the abdominal appendages do not differ in the two sexes and the 
female is to be distinguished from the male only by the greater width 
of the abdomen and better development of the pleiu^. This character 
is not affected by the parasite. 

*Spenoe Bate did not think that his parasite was related to SaeeuUna because the embryo 
exhibited no Cnistaoean affinities. Development must have been at a very early stage; the 
general appearance and position are so unmistakably those of Thmnp$<mia, 
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SUMMARY. 

(1) The root S3r8tem of Thampsanta is continuous throughout the 
body of the host, whatever the number or stage of devdi^mflot oC the 
extmial sacs may be. 

(2) Where they penetrate the a|q>eiidage8 the roots contain fewer 
yolk globules and tiie lacunar q}ace is filled with germ cells. Besides 
the external S8ei> there are a number of terminal swellings in the tissue 
of the aii^iendages. These are similar in structure to the external 
sacs and become external at a subsequent moult of the host. 

(3) The external sacs consist of a mantle with an external and in- 
ternal cuticular investment and a visceral mass mainly occupied by the 
ovary. No mantle cavity is found between the mantle and visceral 
mass. 

(4) There is no testis, development being in all probability partheno- 
genetic. The ^g is lightly yolked and gastrulation takes place by 
epibole. The NaupUus stage is omitted from the life history, the young 
hatching at the Cypris stage. 

(5) During development the visceral mass disintegrates so that at 
the time of hatching the mantle contains a great number of Cypris 
larvse ready to emerge. An apical perforation is made in the mantle, 
and on the moult of the cuticle a way is thus opened to the exterior for 
the larvsB. 

(6) The escape of the larvse is contemporaneous with or soon fol- 
lowed by a moult of the host. The empty shells of external sacs are 
carried away with the cast skin, and the terminal swellings of the root 
system emerge as a new crop of external sacs. 

(7) Development of the germ cells in the lacunar tissue of the roots 
may take place in situ as well as in the external sacs, but it does not 
apparently proceed very far. 

(8) The large number of external sacs in both Thampsonta and 
Pdtogaster socialis is accounted for by a process of internal budding 
from a single original larva. 

(9) Thampsonta is not a primitive Rhizocephalan, but a very 
speciahsed form. 

(10) The genus Thylacoplethus CoutiSre is synonymous with Thamp- 
sonta Kossmann. 
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HAPALOCARCINUS MARSUPIALIS Stimpson. 

INTRQDUCriON.* 

Hapalocarcinus is a genus of Brachyrhynch crabs, the individuals 
of which are very small in size and profoundly modified, owing to 
the fact that they pass the greater part of their lives confined in small 
cavities in coral colonies. At an early age the female crab settles 
between two adjacent branches, usually terminal, and so influences 
their further growth that they broaden and, later, unite to form the 
so-called gall, a lenticular or spherical structure about the size of a 
hazel nut. Within this is the living chamber of the crab, which com- 
municates with the outside water by a series of apertures. The animal 
thus becomes sedentary, never leaving its gall and producing enor- 
mous broods of larvee. 

Hapalocarcinus marsupialis was first described by Stimpson between 
1856 and 1859 from specimens ''found clinging to the branches of living 
madrepores in the harbour of Hilo, Hawaii." It was thus thought at 
first to be a free-living animal, but Verrill, in 1867 (6), pointed out 
that certain ''deformities on corals," compared by Ehrenberg to the 
galls formed by the influence of insects on plants, are in fact caused 
by Stimpson's Hapalocarcinus. He describes the phenomenon in the 
following passage: 

''Another peculiar mode of parasitism I have observed in a singular crusta- 
cean (Hapalocarcinus marsupialis, Stimpson) from the Sandwich Islands. 
Tliis creature lod^ itself among the slender branches of a coral (PociUopora 
caspiiosaf Dana) and causes, probably by its incessant motions, the branches 
to grow up and often interlock above, leaving openings between them suitable 
for the uses of the parasite but usually too small to allow of egress. Most 
epecimens of the comls of this species sustain one or more and often numerous 
examples of these ciuious enlarged bulbs among the branches." 

In subsequent papers (7, 8) he makes further observations on the 
occurrence of "galls," without adding much to the above description. 

Karl Semper became well acquainted with Hapalocarcinus (and the 
related form Cryptochirus) during his researches in the East Indies. 
In his well-known book on "The Natural Conditions of Existence as 
they Affect Animal Life" (published in English, 1881) he illustrates 

^His duties as an offioer in the EngUah Army made it impossible for Mr. Potts to correct 
the proof of this paper. — ^A. G. M. 
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the influence of constant currents on the growth of coral by the forma- 
tion of galls and the modification in the shore of coral reefs. In the 
former case the current is produced by the respiratory movements of the 
crab. The recognition of the definite factor in gall production is thus due 
to this author. A description (and, in some cases, figures) of the galls 
formed in Seriatopora, Stderopora^ and PociUopora is given, but it is 
somewhat incomplete and not always correct in details. But the great 
merit of having pointed out the interest of the form belongs to Semper. 
Passing over one or two short notices of the genus, we come to a 
paper by Caiman (2) which gives a thorough description of the external 
features of the adult female, from two or three individuals collected by 
A. C. Haddon in Torres Straits. An important part of this contribu- 
tion relates to the systematic position of the genus. In various points, 
particularly the structure of the third maxiUiped, Hapalocarcinus occu- 
pies a very isolated position among the Brachyura Brachyrhyncha. 
These peculiarities it shares with CryptochiruSj another coral-inhabiting 
crab, which is discussed in the second part of this paper. The two 
genera are therefore imited to form the family Hapalocarcinidse. 
The galls examined by Caiman were situated upon a species of /Seria- 
topora; they are figured and described, but as preserved material alone 
was inspected not much of importance with regard to the biology could 
be added to Semper's account. The series of individuals was too small 
for all points of structure to be examined. About the reproduction of 
the form Caiman says: 

''The fact that each gall is inhabited by a solitary female, while the male 
is as yet unknown, would seem to indicate that the sexes are at first free-living 
and tiiat it is only after impregnation that the f emide becomes imprisoned in 
a gall. The fact that the youngest gall observed is of ample size to contain 
a full-grown Hapalocarcinus tends to confirm this suggestion." 

In the spring of 1913, when I was preparing to join the Carnegie 
Institution Expedition to Torres Straits, Dr. Caiman was kind enough 
to point out to me the interest attaching to the natural history and 
reproduction of the Hapalocarcinidse. During our stay at Murray 
Island, from September 22 to October 27 of that year, I was able to 
obtain an abimdance of material and make some new observations on 
the biology. 

Hapalocarcinus Uves in great mmibers on the reefs of Murray Island 
at the north end of the Great Barrier Reef of Australia. It here forms 
galls on at least two species of branching Madreporarian corals, PocH- 
lopora casspitosa and Seriatopora hystrixj botii belonging to the same 
family, the PocilloporidfiB, and characterised by dichotomous branching. 
Both are widely distributed and dominant forms, but the former, a 
beautiful rose-coloured coral in life, is the favourite host of the gall- 
forming crab. In the still waters of the inner reef there is hardly a 
colony which does not bear at least one of the galls, while some show 
nine or ten in various stages of development. The ease with which the 
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growth of the colonies can be modified by external agencies accounts for 
the attraction which PociUopora possesses for Hapaloearcinua. No coral 
shows more variation under different environments conditions. If 
colonies of P. caspHoaa from the outer edge of the reef are compared 
with those which grow in the sheltered inner waters it is difficult to 
believe that the two forma can be embraced within a single species. 
The compact colonies with short thick branches in the former situation 
owe their form to the strong wave action, while the long and slender 
branches which the coral develops when out of reach of the breakers 
are correlated with the absence of strong currents within the reef. 
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Senaloparaf on the other hand, shows less power of response to 
external conditions. While it flourishes most luxuriously on the mid 
regions of the great reef flat at Murray Island, it rarely approaches within 
a hundred yards of the edge, as does PociUapara. Galls are by no 
means so common on its colonies, for they represent a much greater 
interference with the normal type of branching. The introductory 
remarks, tiien, which follow are confined to PociUUypora^ the abundance 
of the material of which gave exceptional facility for study. 

In tiie first place it may be stated that the galls themselves vary 
greatly in development and that there is a general correspondence 
between the stage of development and the size of the crab it contains. 
In all cases the gall appears to be formed and inhabited by a solitary 
female individual. Those in the yoimger '^ open" galls, where tiie two 
constituent branches have not yet approached each other and fused, 
are immature; those in the older '^ closed" galls are mature, and often 
the abdominal appendages are laden with developing ^gs. 

THE GALLS IN POCILLQPORA CCSPITOSA. 

The yoimg female crab probably commences its sedentary life by 
settling down in the notch at tiie apex of a recently divided branchlet. 
She is at this period a small flat creature, little more than a millimetre 
in carapace length. Her position at the growing point allows her to 
control the future development of the branch. To estimate the extent 
of her influence a more exact description of the PociUopora colony must 
be given. Though the method of branching is certainly dichotomous, 
it is very irregular. If we first of all take the still-water type of colony, 
here the main branches are comparatively slender, not more than 5 to 
7 mm. in diameter. Dichotomy is well shown in some of the main 
divisions. It is always exhibited in the growth of the lateral and 
terminal twigs, which closely beset the main branches. These twigs 
are usually 3 to 4 millimetres long and not more than half a millimetre 
in diameter. In the coiu'se of their growth they are at first quite cylin- 
drical ; then they become palmate, and finally, as growth is checked in the 
middle, division takes place and two short equal divisions are formed. 
The space between these when they assume their palmate shape is 
sufficiently large to accommodate and partially protect so small a 
creature as the yoimg Hapalocwrcinus. 

When the colony lives in troubled waters its form changes consider- 
ably. The main branches are much shorter and stouter; the twigs 
which cover their surface are more nimierous and more closely set. 
They do not exhibit dichotomy, but always remain cylindrical and do 
not broaden out apically, so that tiiey do not promise good shelter to 
a householder whose size increases so rapidly as does that of HapdUh 
carcinus. 

When the crab settles down the effect of its presence is very soon 
felt. The two branches, instead of diverging at an angle, remain at 



HapaHoearcinuB^ the OaUrforming Crab, etc, 39 

an equal distance apart. The initial tendency of the branch to broaden 
out is encouraged, but at the same time the tendency to dichotomous 
branching is suppressed. There are thus formed two broad expansions, 
which approximate above and laterally, thus partially enclosing a 
chamber large enough to contain the crab with comfort. In the 
diagrams which illustrate this paper this chamber is referred to as A. 

In the second stage of construction of the gall a much larger upper 
chamber (B) is formed by the continued growth of the two branches. 
During nearly the whole of this time, however, the crab remains an 
inhabitant of A. It is not until the two walls of the upper chamber 
have almost met that she finds her earlier quarters too restricted and 
transfers herself to the upper chamber at the time when it is ready for 
occupation. Just before fertilisation, which occurs shortly after this 
removal, the ovary begins to grow rapidly, causing so great a develop- 
ment of the abdomen that more spacious accommodation is quickly 
needed and provided for in the new chamber. 

It is rather difficult to explain the precise influences which give the 
gall its characteristic and constant shape, but it can be stated with 
certainty that if the respiratory current of the crab is not the sole exter- 
nal factor which is responsible, it is at least the most important. The 
initial modification of growth may be due in part to the mere mechan- 
ical ^ect of the continued presence o! the crab, but I think even here 
the respiratory current is more ^ective. By means of powdered 
carmine spilt in a small quantity of searwater containing a crab I was 
able to convince myself that, as a general rule, the water needed for 
respiration is sucked into the branchial chamber behind and expired 
upwards and outwards, as usually happens in the Brachyura. Even 
at the very first, we must suppose that the crab never forsakes its 
position in the saddle between the two branchlets. It may move 
laterally, but always in the same plane. Later, when the initial cavity 
A has taken shape as a narrow crevice, movement exc^t in the one 
plane becomes an impossibility. Thus the original expiratory current 
always flowing upwaJxis and outwards has sufficient fixity of direction 
and constancy of power to seciu^ a definite result. 

In the first place, then, the effect of a vertical current of water flowing 
between the two branchlets is that the further growth of these tends to 
follow the borders of the stream, so that they approximate and do not 
diverge. With regard, however, to the formation of the larger chamber 
B, the crab enters into occupation only at the completion of the work. 
It follows, then, that here she must influence the growth of the branches 
in a more indirect, though quite effective manner. The expiratory 
current either flows strai^t upward through the entrance to chamber A 
or impinges on the lip. In the first case its velocity would be checked 
and it would tend to disperse on entering the lai^er body of water. 
Or if it strikes the lip of the chamber it would be deflected obliquely 
toward the opposite side. In either case the effect will be to secure a 
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diverging current issuing from the aperture which will repress growth 
on the inner edge of the branch though not on the outer. As the 
outer edges become built up the divergent currents will become 
circular eddies and the growth of the wall of chamber B will follow 
their outside line. The two opposed walls meet naturally at the inter- 
section of their curves, but that part of the current which flows directly 
upwards prevents their entire concrescence. But after the crab has 
migrated into chamber B, partial fusion does occur, so that what was 
at first a wide slit is converted into a series of small circular holes occur- 
ring laterally as well as above, and all of equal size and, presumably, 
importance. This partial closure of the slit is brought about by the 
fusion of the small processes on each side with those of the other. 
These processes are as a matter of fact the twigs springing from the 
modified branches. The effect of the current is not to prevent branch- 
ing but to increase laterally the growth of the branch. The border of 



Fio. 2. — Old establiahad galls in a colony 
of PociUopora ctBBpUoio. 
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The Uaok spots (or line) represent the 
piratory apertures (or fissure), the 
dotted circles within the shape of the 
cavity of the gall, a and b are old 
galls, as is shown by the well-estab- 
lished systems of branches which 
spring from their surface. In the 
case of b one of the daughter branch- 
es, which must have started to grow 
after the formation of 6, has itself 
been modified to form a i^, which is 
nearly closed. Very possibly, then, b 
and e represent successive generations 
of Hapalocareinus and afford some 
indication of the ratio of growth as 
between the coral colony and its com- 
mensal. Xf. 



the branch is always lobate, each lobe indicating a twig which is not 
allowed to individualise, owing to the continued growth of the branch. 
On the outer side of the gall well-formed twigs are common. In fact, 
one may say that in the formation of galls the branching is masked by the 
immediate union of the secondary branches to form a continuous wall. 
A certain nxmiber of secondary changes occur after the formation of 
the gall. The polyps inside the gall do not seem to be greatly affected 
by their life within a closed dark space (fig. 4) and the thickness of the 
coenench}rme is added to very distinctly on the inside as well as the 
outside, so much so as to encroach seriously upon the space in chamber 
B and partially fill up the disused chamber A. This secondary growth 
restricts and eventually stops the lateral movement of the female crab, 
which at that time will have obtained an enormous bulk. The forma- 
tion of the gall does not put an end to the further development of the 
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branch of which it fonns part. A perfect forest of twigs covers the 
surface of galls of some standing and occasionally examples are to be 
oba«>ved in which the gall is the foundation of a complex branching 
system. In these cases the galls can evidently lay claim to a respect- 
able antiquity. Ab long as the crab lives the cavity remains in con- 
nection with ^e exterior by means of the circle of apertures. Sometimes 
a gall is seen where the crab is dead and all apertures have closed up. 

THE GALLS IN SERIATOPORA HYSTRIX. 

This coral grows only in the sheltered waters of the inner reef, though 
very widely distributed there, and there is little modification of the 
manner of branching. The colony consists of slender cylindrical 
branches of approximately equal diameter, diminishing slowly towards 
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the sharp apex. It has then a very spiky appearance. The branching 
is r^ularly dichotomous and where adjacent branches come into con- 
tact they fuse, as is seen in the accompanying figures. Where branch- 
ii^ takes place at the apex the space between the branchlets is entirely 
inadequate to shelter even so small a creature as the young Hapalo- 
careimu. For thla reason the galls are found not at the surface of the 
colony, as in PociUopora, but between more basally mtuated branches 
where a broader lodgement is ofifered. 

When the crab is established a very maiked interference with the 
growth of the coral takes place. The normal growth b greatly stimu- 
lated, a much more conuderable addition to the ccenenchyme appearing 
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than would be made in the nonnal thickening of the branches. Thin 
laminar expansions grow out from the sides of the branches in a plane 
parallel to that of the crab's respiratory current. These lamime do not, 
however, represent continuous growth, but are formed by the coales- 
cence of parallel tw^ which can be easily distinguished at the edge 
of lamina. This is perhaps best illustrated by a specimen in the Cam- 
bridge UniverEdty Museum of Zool(^y, which is shown in figure 3b. 
The numerous gaps which occur in the walls of the gall are due to the 
incomplete fusion of the component twigs. 



Pra. i. — SuKace view ot colony of Pociilopora txnpiUaa. 
A oulmde and B iiudde k skIL XSO. Alter prolongad decftloifiotioa, preporatloiusUinQd with 

bona-camiiiie. 
In A tbepolypaBreTeguUriyilevdoped, tbetentaclM mud meaenteries are formed o[ thick, deeply 

Btaining tissue and the septa are of normal number and ■ymmetrioally airanged. 
In B the polype are atunted and iiresular, the mesenteries and tentacles not well developed aod 

the septa often placed aBymmctrioally and Sometimes short of the typical number. 

CO., ocnnenchyme. : oe., cesophagus; ntes., darkly atsiiiing tissue, mcMntuiee and tentacles 

indistinKuinhatde ; up., septa. 

The initial result of the interaction of the crab and the coral is the 
production of a small initial chamber as in Pociilopora. Afterwards 
an upper chamber is formed, lai^e enough to contain the mature 
female. The complete gall is not quite so regular as that in PodUopora, 
but it has essentially the same structiu^. 

At first sight the interference with the normal habit of branching 
involved in gall formation seems to be much greater in Seriatopora 
than in Pociilopora. In the latter case there is an apparent broadening 
of existing branches, a stimulation of lateral growth as compared with 
apical growth. In the former, however, there is at the point of settle- 
ment a production of numbers of tiny lateral branches which, together 
with the main branches from which they spring, form the walls of the 
gall — a basketwork the meshes of which are filled in by subsequent 
growth. The course of the main branches can always be traced, even 
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in the fully formed gall. But as I have mdicated above, in PodUoporaf 
too, there is really an increased branching masked by immediate 
fusion of the branches, so that the process of gall formation is not 
essentially di£ferent in the two genera. 

It is rather difficult to follow ihe account of gall formation in Seria- 
iopora given by Semper in ''Animal Life." This book represents a 
course of lectures given at the Lowell Institute in Boston in 1877 and 
I am not able to say whether a German edition of the book was ever 
published. The English work has, however, suffered very badly at the 
hands of the translator and it is sometimes difficult to determine what 
Semper intended to say. Take for instance the following sentence : ' ' A 
diseased excrescence is first produced by the crab establishing itself 
between two branches, and ihe twig thus originating takes various 
forms according to the character of the species of coral." What seems 
to be meant is that when the yoimg crab establishes itself between two 
branches it modifies and stimulates the growth of each of th^n and the 
modified branches (twigs) take on various forms according to the species 
of coral which is in question. This is of coiu'se perfectly true and cor- 
responds to what I have said in the preceding accounts. The idea that 
the growth brought about by Hapalocarcinus is pathological is given 
in the application of the ungraceful term of ''diseased excrescences" 
to it. This is entirely unwarranted, since similar modifications affect- 
ing the whole colony take place under the influence of wave action. 
There is, moreover, no reason for calling the crab a parasite, since it 
does not live upon the tissues of the coral; but even Caiman falls into 
this error. 

Semper, after describing the process by which an open is converted 
into a closed gall, makes the following remarks: 

''The creature requires a constant and n^id renewal of the water in the 
gall in which it lives, for the purpose of respiration; at first the water finds a 
free passage on all sides, but when the two twigs have bent over towards each 
other, the space through which it can find entrance and exit must grow nar- 
rower and narrower. Moreover, from the structure exhibited by galls broken 
off from the coral, it may be concluded with certainty that the crab moves 
about very little in the cavity, for otherwise we should not find the very 
distinct scars which are evidently produced by continual scratching in one spot. 
Since, in all the crabs of this group, the current of water for breathing enters 
the body close to the mouth, and passes out again at the hinder margin of 
the branchial cavity, the stream passing through the gall must always flow 
in one and the same direction. The results are easily recognisable in the half 
or wholly closed gall. The two excrescences on the coral grow together 
quickest in those spots which are least exposed to the current through the gall ; 
there also they first come into contact, tiU at length only two fissures, more or 
less wide, are left, which plainly show, by their position opposite to each other, 
that it is through them that the current for respiration passes; one figure 
serves for the influx, the other for the exit, of the water. These two slits 
remain open so long as the crab is alive; no living crab is ever found in a closed 
gall, and they are for the most part perfectly empty.'' 
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The main criticism of the above statement which I should like to 
make is that Semper is mistaken in supposing that the cratr moves 
about so little in the cavity that one or two small fissures or apertures 
alone sufiSice for the respiratory current. In my experience, in Pocil- 
lopora the cavity is large enough for the crab to move about a good deal 
in one plane and by observing the inhabitant of a nearly closed gall I 
could actually follow such movements. I have never seen such scars 
as Semper describes as due to the '^ continual scratching in one spot/' 
nor did Caiman. In saying that ''as in all the crabs of this group" 
(whichever group is meant) the respiratory current enters the branchial 
cavity anteriorly (close to the mouth) and passes out posteriorly, the 
case is exactly the reverse. Why it should be stated that both the 
exhalant and inhalant streams should always flow in one and the same 
direction I can not understand. As stated above, experiments with 
carmine particles show that the exhalant current flows upwards and 
outwards and the inhalant current laterally. Finally, in no galls that I 
have seen are the apertures reduced to two. In PocUlopora there is 
nearly always a considerable nxmiber (up to 10), of equal size and pre- 
sumably importance, situated along a line which encircles the gall but 
which is interrupted by the stalk. Only in a few old galls where inter- 
nal growth has restricted the space do some of the apertures close up. 

GALL FORMATION IN STYLOPHORA AND SIDEROPORA. 

A species of Stylophora {S. raristetta Dep. var wilsoni J. S. Gard.) in 
the Cambridge Museum shows very well the formation of galls in 
branching corals where the branches are more massive than in PocUlo- 
pora and Seriatopora. The gall is produced apically, the branches 
broadening out as in PociHopora; but when fully formed the gall is 
hardly distinct from the branch which bears it, ite breadth and width 
being little greater. The completed gall differs, moreover, from that of 
PocUlopora in the fact that the approximated lips never show local 
fusion, a narrow fissure of imiform width remaining between them 
throughout the life of the gall crab. Here, then, the gall is truly 
formed by the broadening of existing branches and not by the produc- 
tion and fusion of new ones, and this is due to the larger scale of branch- 
ing characteristic of the genus. This description applies also to the 
genus Sideropora^ as far as can be seen from the account and figures 
given by Semper of galls in Sideropora palmata (p. 218, fig. 67) ; they 
also occur in S. digiUUa. 

ACTION OF RESPIRATORY CURRENT ON INDIVIDUAL POLYPS. 

Speaking of the thecse which occur in the interior of the walls of the 
gall. Semper says: 

"Not one of the cups is normal in structure; the depression, which in the 
external pol3rp6 is veiy deep, is here no more than a shallow pit, and the 
septa (or party walls) of the cup are very slightly developed. Hence it follows, 
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with some degree of certainty, that the pol3rp6 on the inner surface were not 
able wholly to overcome the resistance of the current passing over them. This 
direct action of the stream is immistakable in many of the cups, where the 
polyps were exposed to the greatest force of the current produced by the crab; 
for they are placed obliqudy on the fissure and directed outwards, as they 
must have grown, supposing them unable to grow against the stream." 

The current, then, Semper thinks, modifies the direction of growth of 
the polyps. 

Caiman says that in the galls examined by him, the thecse of the inner 
surface are, ''as Semper states, small and shallow and have the septa 
only feebly developed. They are also in some parts distorted and 
drawn out to an elliptical outline, but this distortion does not appear 
to be definitely related to the marginal aperture of the gall as described 
by Semper, who attributes it to the action of the current of water caused 
by the crab." This qualifies the force of Semper's conclusion. In PocUr 
lopora there is certainly a remarkable di£ference between the polyps 
on the inside and outside of the galls (fig. 4) . This is seen on examina- 
tion of both the hard skeleton and the soft parts. Semper's and Cai- 
man's observations were made on the former; and my own agree with 
them. Inside the gall the thecse are shallower, sometimes prolonged 
towards the border of the gall, and differ considerably in size. The 
septa are less distinct. There is a larger amount of coenenchyme inter- 
vening between the thecse. A considerable disturbance of the normal 
method of growth, due to the respiratory current of the crab, is clearly 
shown. 

The soft parts of the colony were studied after decalcification in 70 
per cent alcohol with a small amount of nitric acid. Total preparar 
tions of the superficial tissue were made, staining in borax-carmine and 
mounting in Canada balsam. On the outside of the gall the polyps 
are regular in shape and position; they are nearly all of the same size. 
Internally a large proportion are small, tiiough they usually have the 
total normal mmiber of mesenteries and can not be regarded as juvenile. 
The larger polyps have not the regular shape characteristic of the 
normal forms. The examination of these preparations shows that 
the main effect of the current is direct repression of growth. The 
polyps which are formed are not allowed to attain the normal size. 
The distortion which they undergo is quite a secondary and imimpor- 
tant effect. 

Certain points of structure will now be described which shed some 
light on the biology of Hapalocarcinus. The first is the curious nature 
of the buccal area and the appendages surrounding it. Stimpson in 
the original description mentioned the large buccal area occupying 
nearly the whole breadth of the carapace and the third maxillipeds 
''with the ischium large and dilated within, while the merus is very 
small and slender like the three last joints." 
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Caiman says: 

"The buccal area is very large, extending across the whole width of the 
carapace in front. Its anterior margin is sinuous, curving forwards on either 
side below the eye and taking the place usually occupied by the inferior 
margin of the orbit. The median part of the buccal margin approaches so 
closely to the base of the antennules that an epistome can hardly be said to 
exist. The third maxillipeds do not neariy cover the buccal cavity, and are 
widely separated from each other at the base by a semicircular area of the 
sternum. The ischium is flattened, subtriangular in shape, widening gradu- 
ally from a narrow base, and having its antero-intemal angle produced for- 
wards, roimded, and fringed with setse. The merus is articulated at the outer 
end of the distal margin of the ischium, and is less than half the width of the 
latter, hardly wider than the succeeding joints, and but little flattened. The 
exopod is rudimentary, being a simple lobe about half the length of the 
ischium. The epipod is well-developed. The second maxillipeds have the 
basal part of the exopod much expanded. In the first maxilhpeds, also, the 
same part is very stout and much stronger than is usual in this appendage, 
while the inner lobe or endopod is small and subtriangular." 

But no mention is made here or elsewhere of the maxillse and mandi- 
bles. Caiman had so little material that he was unable to investigate 
this point. But in the related genus Cryptochirvs Heller had discovered 
and figured these appendages so long ago as 1861. They are of a very 
remarkable type, and as this is practically identical in the two genera I 
quote the passage in which he describes them: 

"Die beiden Maxillen sind ebenfalls blattchenfdrmig, ebenso die nach 
innen stark verbreiterten imd mit geradem scharfen Kaurande versehenen 
Mandibel. Der Stiel der letzteren bildet mit der kauplatte einen starken 
Wmkel, ein Palp fehlt." 

When I came to examine Hapalocarcinus^ not knowing the above 
passage, I was at once struck by the fact that each member of the two 
pairs of maTcillffi is reduced to a single elongated plate while the mandi- 
ble is without a palp and has not the robust biting character of the 
usual Decapod mandible. 

Before describing these organs in detail I will state what, in my 
opinion, is the reason for their anomalous condition. So striking is 
their divergence from the very imif orm Brachyuran type that a definite 
explanation is to be expected. This is without doubt to be f oimd in a 
change in the feeding habits of the animal during its recent evolution 
caused by its voluntary imprisonment in an almost totally closed space. 
The usual diet of crabs, the comparatively large fragments of aninud 
or vegetable substance, is denied to Hapalocarcinua. There is no 
doubt, indeed, that this form must live on the plankton which is drawn 
into the gall with the respiratory current, and since in the '' closed" 
gall the holes which allow entrance to the interior are exceedingly small 
in the skeleton and must be smaller still if we allow for the coating of 
living coenosarc, it is evident that the larger constituents of the plank- 
ton will be unable to pass through them. Hapalocarcinus is thus an 
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example of the class of microphagous organisms and showB the kind of 
modifications which occur in them. la the account which follows I 
have compared those structures, where difference is exhibited, with the 
typical forms in the Brachyura. 

THE GENERAL CONFIGURATION OF TOE BUCCAL AREA. 

In the Decapoda Brachyura the third maxllliped is so enlarged as to 
cover the whole of the buccal area. In Cancer, for instance, the two 
appendages form a pair of folding doors meeting exactly in the middle 
line and when they are closed the mouth and all the buccal appendages 
are completely hidden from view. In the endopodite the ischiopodite 
and meropodite are much broader than the more distal joints and 
together with the basal joint of the exopodite they form the greater 
part of a rectangle so perfect that the inner borders can meet exactly 
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and the outer make strught hinge lines. This well-fitting apparatus 
ensures that the food, where this is taken in large pieces, can be masti- 
cated without the particles escapii^. In some Brachyura, members of 
the Oxjrhyncha (e. g., Stenorhynchits and Inachus), where, owing to the 
shape of the cephalothorax, the buccal area is greatly diminished in 
width, there is not this excessive broadening of the two basal joints of 
the endopodite. In Stenorhynchus the meropodite is no wider than the 
succeeding joints, while the ischiopodite is but slightly broadened and 
has a curved inner border. But the three distal joints bend downwards 
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and help to rectify the inner border and internally the appendage is 
thickly provided with short hairs, so that though the appendages do 
not meet exactly in the middle the effectiveness of the screen is thus 
completed. 

Pinnotheres is a genus of crabs in which a resemblance to HapaJxh 
cardnus might be expected, for its members live in similarly secluded 
positions, either ihe mantle cavity of molluscs or the tubes of worms; 
and both types of host being plankton feeders, they might be expected 
to share the diet. This does not appear to be the case and the oral 
appendages are very different. But the third maxilliped departs very 
considerably from the normal type. This is due to the fact that the 
abdomen has increased greatly in size, so that the buccal cavity has 
been correspondingly restricted, diminishing very greatly in depth. 
As a consequence the third maxillipeds are placed in a very different 
position, running almost at right angles to that which they occupy in 





Fio. 6. — ^Various types of third maxilliped in the Brachyura. 

A. Cancer, XL B. Hapaloearcinus, XIOO. C. Stenarhynehua, X4. D. Pareettana, X6. 
ex., exopodite; %, isohiopodite; m, meropodite; e, carpopodite; p, propodite; d, daotylopodite. 

other crabs. But they still form a double trapdoor, a little incomplete 
on the posterior border, where the deficiency is made up by a thick 
fringe of setae. In the fusion of three joints of the endopodite of the 
third maxilla. Pinnotheres appears to differ from all other Brachyura. 

In Ranina among the Anomura a structure and disposition of the 
third maxillipeds are found similar to that occurring in Stenorhynchus. 
The basal articles of the endopodite are not enlarged, but the three 
last joints are bent down to fill in the gap and all are strongly setose. 
Curiously enough, whenMilne Edwards described his genusI/ttAoscapfes 
(which is generally acknowledged to be synon}rmous with Hapalo- 
cardnus) he compared the third maxilliped with that of Ranina. The 
only resemblance lies in the slender meropodite and the setose borders. 

In Hapalocardnus the arrangement of the buccal area is quite 
imique. It is very wide, so that the third maxillipeds are set far apart. 
The ischiopodite of the endopodite is rather broad, but the meropodite 
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is no wider than the following joints. The last three are not bent pos- 
teriorly, as is usually the case, to aid in closing the buccal cavity, but are 
directed anteriorly and towards each other, while the setse with which 
th^ are plentifully provided project internally. It will, then, be 
seen by reference to figure 9 that the buccal area is entirely uncovered 
and is only screened by a series of fringes of sets borne successively 
by the endopodite of the third and the exopodites of the second and 
first maxillipeds. Together th^ form an efficient sieve. So far, then, 
from the buccal area being carefully guarded and closed lest the pro- 
ducts of mastication should escape, free access is given to the mouth. 
The constant circulation of water is thus promoted and the mobile parts 
of the maxillipeds are given free play to separate out from the req[>ira- 
tory current those very minute organisms which form the food of 
Hapaiocarcimia. 

THE BUCCAL APPENDAGES. 

The third maxillipeds have already been discussed in the last section. 
In text-figure 6 these appendages are shown in Hapalocarcinus, 
Porcellana, and Stenarhynchus. The peculiar feature of the appendage 
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FM. 7.— Fbtt nuodlU of A, Caneet, XL B, HmpaUeardmi; X70. Seoond mazUU of C, Cancer, 
XI. D, Bapaloe ar ei nu t X70; 6, btiaipodite; c, oozopodite; e, endopodite; p, undivided pro- 
topodite; «, aeaphognathite. 

in the first genus is undoubtedly the rudimentary character of the 
exopodite, a feature not found elsewhere in the Decapoda Brachyura. 
Its absence is compensated for by the development of the distal joints 
of the endopodite, which instead of being turned backwards to form an 
insignificant trapdoor arrangement over the buccal area are con]^ar- 
atively stout and long, being directed inwards so that each meets its 
fellow of the other side, and with a much greater development of setse 
than in other Brachyura. The ischiopodite is curiously shaped, it is 
true, but it still has a dilated form which in my opinion shows its 
descent from a Brachyuran stock in which the buccal area was broad 
and completely covered by the third maxilliped. The meropodite is 
slender, but so it is (and the ischiopodite as well) in Stenorhynchus. 
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That which is significant is not that the endopodite has become slender, 
but that the appendages have been forced so far apart. 

The second and first maxUlipeds are fairly tjrpical and call for no par- 
ticular remark beyond the description of Caiman. 

The second masiUa consists firstly of a small triangular plate, the 
base of which is free and directed inwards, which represents the proto- 
podiUy not divided into a basipodite and coxopodite as in Cancer 
(where each again is bilobed). The inner border is provided with 
many setse. Internally the appendage passes into a narrow neck, 
where a second bunch of setse is given off and where a possible articu- 
lation occurs. Secondly, there is an exopodite, the scaphognaihite, 
which attains the development usual in the Brachyura. The con- 
nection between the protopodite and the exopodite is very slender, thus 
differing from that in Cancer and other crabs. The protopodite sub- 
serves nutrition and its rudimentary character is thus strongly con- 
trasted with the normal devel- 
opment of the exopodite, which 
performs a req[>iratory f imc- 
tion. The partial disconnec- 
tion of these two parts which 
appears to be in progress is 
perhaps due to the fact that C\ __v'5\ 

their rhythmical movements v^ij — ] 

do not coincide. The endopo- ^ N J\/ 

dtfe, foimd in other Brachyura, a J^ B 

is wanting here. ^^^ S.-MandiWe of a. Cancer. X 1 ; 

The first masMa shows a b. Hapaloearcinus, X70. 

much greater reduction, since 

it is entirely masticatory in fimction. It is represented by a slightly 
curved, slender plate representing the protopodite. It is less than a 
quarter of the size of that of the second maxilla. It is undivided in 
contrast to the bilobed protopodite of other Brachyura. A few set® 
are present internally. The endopodite is absent. 

The mandibles are two smooth triangular plates, thin but more 
strongly chitinised than the other buccal appendages, with straight 
internal edges, not broad or much thickened, so as to serve for mastica- 
tion, but capable of working over each other. Internally on each side 
is an apophysis for the attachment of the mandibular muscle. These 
appendages are evidently quite effective ones, though they are plainly 
not used for crushing organisms or food particles, as is usual in the 
Brachyura. Their operations may be confined to sifting or current 
creating. The absence of a palp is a very noticeable feature. 

THE STOMACH. 

The stomach of Hapalocarcimts differs distinctly from the type nor- 
mally found in the Brachyura. In all the higher Crustacea the stomach 
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ia divided into two chambers, anteiior or cardiac and posterior or 
I^loric. The cardiac chamber is a large ^herical sac, the cuticle of 
which has been thickened locally to fonn a series of plates bearing teeth, 
the so-called gastric miU, an apparatus which continues the taskjb^un 
by the appendages, of breaking up the food into very small particles. 
The cardiac and pyloric cavities are partly separated by a valve which 
leaves only a narrow channel of communication and this, together with 
the anterior part of the pyloric cavity, is occupied by innumerable 
setfc springing from the unthickened cuticle and the ossicles. These 
form an effective sieve for preventing the passage of any but the small- 
est food particles into the meeenteron. In the posterior part of the 
pyloric r^on the chitin of the ventral wall is thickened to form the 
pyloric ampttUte, which consist of an elaborate arrangement of parallel 
ridges with rows of setie sprii^ing between them, and constitute an- 
other filtering apparatus to which the food current is finally subjected. 
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In Hapaioearcinva this arrangement is very much amplified. In the 
cardiac chamber many of the plates have entirely duappeared and 
while the more important constituents of the gastric n^, the uro- 
cardiac and zygocanjiac ossicles, are still present, they are much weaker 
and thinner and the teeth they bear, instead of being stout and blmit, 
are long and slender, passing into the setfc. Figure 1 1 shows, side by side, 
the zygocardiac os^cles, from Hapaiocarcinua and from a very young 
and small Carcinus (not exceeding the first greatly in size). Their dif- 
ferent nature and function will be readily appreciated. The remains 
of the gastric mill of Hapaiocarcinua, no longer used in mastication, 
apparently aid the sette of the pyloric valve in sieving the food current. 
At the same time it must be remembered that in other Brachyura the 
oesicles do sometimes give rise to occaaonal setn; it is, however, usual 
to find them suppressed to form tubercles or fused to form teeth which 
are useful in the comminution of food. It is possible that to a lai^e 
extent the formation of the plates of the gastric null is due to the fusion 
of individual setse, so that Hapaloearcinus has passed through a retro- 
gressive process of evolution. 
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In accordance with the forward shifting of the sieving apparatus 
the Btructure of the pyloric chamber is very simple. The plates which 
are plentifully developed in other Brachyura are represented here only 
by one or two vestiges; sieves of sets are almost entirely absent and 
the pyloric ampuUffi which are bo prominent a feature elsewhere are 
quite unr^resented. 

As Mocquard states, in his comprehen^ve survey of the variations 
of the stomach in the Decapoda, numerous differences in the various 
groups and successive degradations are experienced, yet I have not 
been able to find in his descriptions and figures of Brachyura, or in 
such likely cases as I have myself examined, any in which the modifi- 
cation is so great as that occurring in HapaJocardnua. 

THE OONTEffTS OF THE STCMACH. 

It must of course be recognised that the stomach is very minute 
(about 0.5 mm. in breadth), so that it could not in any case contain 
v&y latge fragments. But when I examined the stomachs of a dozen 
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or 80 gall crabs, all but one appeared completely empty; in that one 
there were a few tiny representatives of the phytoplankton. This was 
in spite of the fact that the specimens were mounted after dehydrating 
without staining straight in Canada balsam and then examined with a 
iV" objective, so that even representatives of the nannoplankton should 
not have escaped notice. 

This condition may be exphuned by a conaderation of the probable 
course by which food reaches the mesenteron. In the first place, the 
food must consist of organisms contained in the currents of water 
drawn into the gall through the respiratory apertures. It is hardly 
necessary to -repeat the statement of early observers that the cn^ 
does not devour the coral polyps. Moreover, the smaller members of 
the plankton alone can enter the gall (in the closed galls at least) and 
I have little doubt that the bulk of the food consists of the so-called 
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"nannoplankton/' which embraces all those animals and plants less 
than 3 to 4/i in diameter. 

The currents of water drawn into the gall are of course caused by the 
action of the scaphognathite, for there does not appear to be any other 
mechanism of the calibre necessary for creating currents. The water 
used in req[>iration is, as is usual, drawn into the branchial cavity pos- 
teriorly and breathed out anteriorly. But the organisms contained in 
it, if not entirely prevented from entering the branchial cavity by the 
filter of sets guarding the entrance, will at any rate partly be caught 
in eddies circulating under the ventral surface and probably in minor 
currents caused by the motion of the buccal appendages. The buccal 
area is so widened and the appendages so modified and dislocated that 
a maximum of water can circulate in the neighbourhood of the mouth. 
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Fio. 11. — Zysooardiac ooaelas of: A, Careimu; B, Hapalocarei9M9. X220. 
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I suppose that the plankton is separated from the req>iratory current 
by movements of the nets of sets on the maxiUipeds, resembling the 
sweeping action of the legs of Cirripedes. The smallest members of the 
plankton only, in view of the minute size of the apparatus, would be 
entn^ped. They would then be sucked into the stomach by pulsating 
movements such as Mocquard has described in other Decapoda. He 
has shown that the stomach fimcti<ms in the manner of a pump by 
the alternate action of the dilator and constrictor muscles. By the 
expansion of the cardiac sac the partially chewed food is sucked into the 
stomach and on its constriction the fluid taken in is expelled, while the 
solids are retained, largely owing to the aoticm of the suboesc^hageal 
valve. It will be observed that notwithstanding the simplification of 
structul^ in the stomach of HajHdocarcinus there is still left the combi- 
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nation of ridges and fringes of sets which occupy the posterior wall of 
the stomach between the cardio-pyloric valve and the oesophagus. 
These structures act as a filter to retain solid particles when water is 
expelled, but owing to the fact that these are all of small size no definite 
subcBsophageal valve is present. 

The food organisms which are thus taken into the cardiac chamber 
are all probably small enough to pass straight through the pyloric filter 
and chamber into the mesenteron, where they are digested; hence their 
customary absence from the cardiac chamber. This organ, though 
far too large for the requirements, has not been reduced in size since 
Hapalocarcinus acquired its present habits. The pyloric filter is 
preserved for the separation of occasional particles of larger size, but 
these must be rare, since they were never observed in the stomach. 
Almost certainly the crab must have the power of rejection of imsuit- 
able pabulum. 

ParceUana, amongst the Decapoda Anomura, obtains its food by a 
kind of net-fishing rather similar to that I have supposed occurs in 
Hapalocarcinti8. The appendages are provided with very thick borders 
of hair, but particularly the third maxillipeds, on which they attain a 
considerable length, greater than that in the gall crab. Gosse has 
described the way in which PorceUana platycheles uses the third maxil- 
lipeds by making alternate casting movements ''exactly in the manner 
of the fringed hand of a barnacle, of which both the organ and the 
action strongly reminded me.'' I examined the appendages and 
the contents of the stomach. In the former case little reduction is 
shown (the protopodites of both maxillffi are bilobed and the mandibles 
possess a palp), but the thickness and strength of the fringe of sets, 
developed even on the mandibular palp, show that all the appendages 
are used for sifting and not for mastication. The stomach is usually 
fairly full of food, generally in small imrecognizable fragments, occa- 
sionally larger pieces of algae. The proportion of planktonic organisms 
is not great and this is no doubt accounted for by the habitat of Por- 
ceUana under stones in littoral situations where the water is more usu- 
ally muddy than clear, and organic debris abounds. So that while a 
similar method of obtaining the food is practised in both forms the 
nature of the food differs. In Hapalocarcinus it is much more minute 
and entirely in the form of Uving organisms. 

It occurred to me that other of the higher Crustacea which had 
adopted a sedentary existence might have developed a similar dietary 
and alimentary apparatus. Pinnotheres lives within the depths of 
the mantle cavity of a mollusc or the tube of a worm. Its tiny cheke, 
like those of Hapalocarcinus, show that it is in no sense a predatory 
animal. It might be expected that it would Uve on minute plankton 
like its host. If the size of the animal is to be taken into consideration, 
some species of this genus are not very much larger than the gall- 
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fonning crab. But on examination I found its stomach to be full of 
f ragmentSy organic and inorganic, which showed a varied diet, and whose 
possible source was rather a puzzle to me. The walls of the stomach, 
moreover, showed a tjrpical armature well fitted for mastication. The 
buccal appendages, though peculiar in some respects, showed little 
evidence of reduction in any way comparable to that in Hapalocarcinus. 

Similarly, I examined the stomach of Synalphetis bruceiy which I 
describe in another paper as a commensal with crinoids on the Pacific 
coral reefs, living for Uie most part if not entirely within the circle of 
their arms. It was in all cases crammed full of f oraminif era, radiolaria, 
spicules of calcareous and siliceous sponges, and crustacean fragments, 
as well as pieces of coral skeleton. This examination showed how wide 
is the dietary of these quasinsedentary creatures. 

While no other member of the Decapoda shows similar modifications 
of the alimentary apparatus, there is a curious similarity between the 
oral appendages of Hapalocarcinua and those of an entire division of 
the lower Crustacea, the Branchiopoda. The following quotation 
from Sedgwick's Textbook of Zoology (Article Crustacea, by J. J. 
Lister, p. 369) summarises the conditions prevailing in the latter group : 

"It is remaikable that while the thoracic i4>peiidages of the Branchiopoda 
confonn so uniformly to a common and, as it appears, primitive type of struc- 
ture, the i4>pendages about the mouth present the greatest divergence from 
that type which is met with in any group of Crustacea. The abs^ce of the 
mandibular palp in the adult is all the more strikiiig because of its size and 
frequently biramous character in other Entomostracan groups, the Copepods 
and the Ostracods. Again the two pairs of maxilte, ¥^ch even in the Mala- 
costraca conform more closely than any other f4>pendage to the primitive 
'phyllopod' type of limb, are here, in the Branchiopods tfemselves, perfectly 
simple lobes, and one pair is often missing. In adult Cladocera and in Lim- 
netis among the Conchostraca there is only one pair; in Branchiptu the second 
pair is rudunentary, and in this genus, as also in Apus, where two pairs are 
present, they are retarded in development, appearing later than the thoracic 
appendages which follow them in position. . . . The late i4>pearance of 
the maxillffi is perhaps a confirmation of the view taken here that the simple 
condition of those appendages in the Branchiopods is a specialised and not 
a primitive character. The small size and simple character of the maxillfle 
is perhaps dependent on the peculiar habit of members of this genus ... of 
passing the food forwards along the vmitral groove." 

The absence of the mandibular palp and the reduction of both pairs of 
maxillffi to a simple lobe are thus characters common to both the crab 
and the tiny Entomostracans. Lister concludes that this condition 
is secondary in the Branchiopoda and a similar conclusion with regard 
to Hapalocarcintis can not be avoided. Without doubt, also, the 
reduction in both cases is associated with particular habits of food 
collection, but the explanation in the last paragraph of the quotation 
is hardly adequate. A few remarics on the method of feeding in the 
Branchiopoda may be made before instituting a comparison with 
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Hapalocarcinus. A full account of the phenomenon has never been 
given, even for such common forms as Daphnia and Simocephalua. A 
short paper by Hartog and a few excellent observations by Wolt^^ck 
comprise the sum of publication. 

In such a form as Daphnia a current is constantly produced for respi- 
ration and feeding by the movement of the thoracic appendages. This 
current enters the space between the valves anteriorly and flows back* 
wards ventrally; then turning upwards, comes in a reversed direction 
along the ventral groove to the mouth. The small organisms in it are 
collected beneath the labrum. The mandibles, which are palpless, 
unlike those of Hapalocarcmus, have a broad triturating surface cov- 
ered by a number of longitudinal ridges beset with short processes. 
They are constantly in rhythmic motion, rubbing against each other 
and to enter the gut every particle must pass between them and be 
groimd still finer. Mr. J. T. Saunders, of Christ Collie, Cambridge, 
has pointed out to me that the food of these creat\u*es is the ^'nanno- 
plankton'' and Woltereck states that in his experience small algae 
are the food supply. But, however minute the organisms on which 
Daphnia feeds may seem to be, they are subjected to a trituration 
which reduces them to an amorphous condition. The crushed frag- 
ments are then sucked in by the peristaltic action of the gut. In 
most animals the intestine is entirely filled with material in which it 
is difiScult to detect any structure. 

In briefly comparing, then, the feeding methods of Hapalocardnus 
and Daphnia and the consequent effects upon structure, it must first 
be stated that both animals live on the smaller elements of the plank- 
ton, probably mostly the ^'nannoplankton.'' The reduction of the 
maxillse in both forms is in some way associated with this fact. But 
there is a marked difference in the treatment of the diet; for while 
Hapalocardntis possesses no effective organs of mastication, only pre- 
venting the access to the mesenteron of particles of too large a mxe by 
means of a sieve, Daphnia subjects every organism entering its small 
mouth to a thorough trituration by the very effective mandibles, 
appendages which differ entirely in structure from those of HapaUh 
carcinuSf only agreeing, in fact, in the absence of a palp. 

THE FEMALE AND ITS VARIOUS STAGES OF GROWTH. 

The colouration of the living female has never been described before, so 
far as I know. In the younger females it is a light grey in gross effect. 
If examined with a good lens a great number of small yellow-brown 
spots are seen and between them branching white chromatophores. 
In the older females the grey is much intensified, so that the crab 
becomes the colour of lead. 

When a crab is lib^iited from a gall it creeps about with surprising 
slowness. If a branch of coral be offered it, it clings to it with the 
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closest embrace and makes its way very slowly over the surface in 
search of a hole. The l^s, though rather weak, are provided with 
sharp claws which it sticks into the coenosarc of the colony. If several 
crabs are contained in the same vessel they come together and fight vig* 
orously (though under natural conditions they can have no opportunity 
of satisfying these procUvities). It is clear that the crab is strongly 
thigmotropic, a property developed in correlation with its secluded life. 

It is first my intention to give an explanatory description of the 
series of females which are illustrated here. As was stated in the 
preliminary description, the crab settles down when it is immature. 
The youngest females, found in galls consisting solely of the chamber 
A, have a carapace length of 1.5 to 1.75 nun. and their sex is hardly 
recognisable. They have a narrow abdomen with no trace of swim- 
merets; there are no r^roductive apertures and the genital gland has 
not developed. But there is equally no sign of male characters and a 
perfect gradation exists between these apparently sexless forms and the 
adult female. This youngest female I denote as Stage I. 

In Stage II, though the abdomen is very little broader, rudiments of 
the swinmierets appear and also the female apertures on the sternum 
opposite the third thoracic l^s. The carapace length is 2.0 mm. 

In Stage III the abdomen is definitely broader, though only in seg- 
ments 4, 5, and 6. The rudiments of the appendages are rather 
longer and the first pair show indications of bifurcation. The carapace 
length is 2.5 mm. 

In Stage lY all the abdominal segments except the last have shared 
in the increase of breadth. The carapace length is 3 mm. 

Stage V shows further broadening of the abdomen. The carapace 
length is 3.2 mm. 

In Stage VI the abdomen is almost as broad as the carapace. It 
will be seen that the hypertrophy is due to the growth of the last three 
segments. The ovary is well developed in the cephalothorax. The 
carapace length in the specimens figured is 3.5 nun. This appears to 
be the same stage as that described and figured by Caiman (1. c, pi. 3, 
figs. 29, 30), but he gives the carapace length as 2.6 mm., wMch is very 
much smaller than that in mine. 

In Stage VII the abdomen is wider than the carapace, the last three 
segments being greatly widened to form a pouch. In nearly all these, 
eggs are found attached to the appendages. The two stages figured 
here show that marked growth takes place even after reproduction 
commences. This may be estimated from the following figures: 





Stage Via. 


State VI 6. 


CtnpAM loncth 


7JS mm. 
4.0 mm. 


8J^ mm. to 0.0 mm. 

6.0 mm. 

OJS mm. to 10.0 mm. 


Total lencth 


Breftdth of wuraptw 


QtmUtH total bCMMlth (abdomen). . . . 
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As can be seen from figure 10, the ovary invades the abdomen to a 
great extent. The great size of the abdomen is perhaps best appre- 
ciated in a side view (fig. 9). 

By the time that Stage VII has been reached the gall is aknost closed. 
Fertilisation takes place when this stage is reached (see next section). 
After closure of the gall the male is unable to pay further visits, so 
fertilisation must be confined to a brief period and may occur only once. 
But the spermatozoa must retain their vitality for a long time within 
the spermathecse, for oviposition proceeds imtil the gall crab dies, and 
a large number of successive broods are probably produced. 

THE MALE. 

I have mentioned above the fact that the male of Hapalocarcinus 
has remained unknown up till the present, and have quoted Caiman's 
conjecture that the sexes both become mature during a free-living 
phase and that after impr^nation the female settles down and forms 
a gall in which she is imprisoned. I was myself at first inclined to 
believe that in Hapalocarcmus we had another example of protandric 
hermaphroditism, like Lysmata aeticandata, described by Spitschakoff .* 
This seemed to be indicated by the male-like appearance of the young- 
est inhabitants of galls with their narrow abdomens. But the absence 
of male apert\u*es and copulatory styles supported the alternative sup- 
position that they were immature females. For some time, then, I 
was imable to find an imdoubted male, though I examined as many as 
a hundred galls. But at length, on examining one which was just 
closing, I foimd it occupied by a female (Stage VI) with her recently 
moulted skin and a much smaller individual of about 1 mm. carapace 
length. This was identified as a male on accoimt of the well-developed 
and typical copulatory styles and a pair of enormous testes full of 
mature spermatozoa, which appeared as opaque white struct\u*es in 
the cephalothorax. From this discovery, which I confess was never 
repeated, I conclude that the male is normally very much smaller than 
the adult female and not even so large as the young immature females 
which are foimd in the least-developed galls; also that he is free-living 
and visits the females within the galls, copulation taking place at a 
period when the gall is still open, but the ovary of the female is already 
well grown. As in the other Brachyxura, so here it only occurs just after 
the female has moulted. Soon after a stock of sperm has thus been 
seciu^ the gall closes up, so that the visits of other males are barred. 
But the female begins to lay eggs and lays apparently brood after 
brood, which develop within the ample shelter of the abdomen until 
they reach the zosea stage. Then the larvse are liberated to the exterior 
through the tiny circular outlets of the gall. 

*Zeit. wiM. ZooL, Bd. 100, p. 100, 1012. 
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The male is figured in the ventral and dorsaal spects where, though 
it is so small, it will be seen that none of its organs show any signs of 
degeneracy. This is so for the internal as well as the external organs. 
The alimentary canal is apparently quite normal; the buccal append- 
ages resemble almost exactly those of the female. Yet it will be seen 
that the r^roductive organs reach a remarkable state of development. 
The opaque white structures which I have referred to above occupy 
a large part of the dorsal surface of the cephalothorax. The fact that 
th^ are full of mature spermatozoa leads one to regard them as 
vesicuke seminales rather than testes and it is difficult to recognise in 
them the tubular shape of the testes and vasa def erentia of the Deca- 
poda generally. A noticeable point is that the spermatozoa all lie 
free in vesicula seminalis and are not contained in spermatophores. 
The absence of tubular testes at the time of examination is probably 
due to the fact that the male is short-lived and spermatogenesis is 
confined to a short period, during which all the germ cells are rapidly 
used up and enormous numbers of spermatozoa are produced. 





Fio. 13. — CopulAiocy appendages of male of Hapalooareinui. X 50. opp. /. first abdominal 

appendace; opp. ;9, seeond abdominal appendage. 
Fio. 14. — ^Tbird nuudlliped of male HapoUfearcinui. X 80, to sbow the small number of sets 

fringing the inner border. 

The spermatozoa are very tiny discs about 5 m in diameter. They are 
without marginal processes. 

In the female, spermatozoa are found in the spermathecse, which 
are rather large, rounded sacs in the ventral part of the body cavity, 
just at the female openings. They are exactly like those seen in the 
vesicube seminales, but are cemented together evidently by a substance 
secreted by the spermathecal epithehum. 

As is usual in the Brachyura, the appendages on each side of the first 
two abdominal segments unite to form a single copulatory organ. 
The anterior appendage is tubular; its cavity is large at the base, but 
soon diminishes greatly and only widens again at the tip where it opens. 
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This tip is not attenuated, as in most crabs, but is comparatively 
broad and roimded and bears several small sets. The posterior 
appendage is much shorter and is inserted in the basal cavity of the 
anterior appendage. Its apex is broad, not stylet-like, as, for instance, 
in Cancer. The generally accepted function is that ojf forcing the 
spermatozoa into the spermatheca of the female by working up and 
down in the cavity of the anterior appendage when the copulatory 
organ is introduced into the vulva of 
the female, and its piston-like structure 
would indicate this here. 

I have not observed genital paptUce. 

The great length of life in Arthropod 
spermatozoa is of course well known. 
The case most often quoted is the bee, 
where the queen is only once fertilised. 
In the other Brachyura it is said that 
the spermatozoa ' ' remain inside the sper- 
matheca for many months before they 
fertilise the ova." (I quote from Pear- 
son.) 

THE EGGS AND LARV>E. 

The eggs of Hapalocarcinua are quite 
large in size and heavily yolked. I never 
observed the larvse hatching, but a great 
many of the individuals collected bore 
larvse very nearly ready to be set free. 
Th^ are then in the zosea stage, with 
very distinct frontal, dorsal, and lateral 
spines, and large paired eyes m the head. 
All the head appendages are developed 
and the first two maxillipeds, large bi- 
ramous structures, in the thorax. The 
segments of the abdomen are quite distinct and there is a forked 
telson. It seems, then, that this stage corresponds to the first zosea 
stage of Cancer (Pearson) and thus hatching takes place here at a 
slightly later stage. The great difference between the protozosea (the 
hatching stage in Cancer) and the first zosea is the presence of the 
frontal and dorsal spines. The protozosea is apparently omitted from 
the life-history of Hapalocardnus. 

The spines of the carapace are less prominent than in Cancer. The 
dorsal spine is longest. The first antenna is short and stumpy; the 
second antenna is very short but biramous. The mandible is visible 
as a not very definite plate. 




Fio. 15. — Zom^ larva of IfojMloear- 
cifiiM. X90. 

da., la., fa., dorsal, lateral, and frontal 

spines, 
on., first and second antenns. 
mx., first and second mazUUe. 
mxp., first and second maziUipeds. 
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CRYPTOCHIRUS Heller. 

Cryptochirus is a genus described by Heller in 1872 from the Red 
Sea and associated by Caiman with Hapalocarcinus to form the family 
HapalocarcinidsB. Heller was not able to impart much information 
about the biology of the crab, but he gives an accurate accoimt of the 
structure, even to the minute oral appendages, accompanied by figures 
which are helpful if hardly adequate according to present standards. 

Semper was the first to supply first-hand observations of the living 
animal which he foimd inhabiting various Astrseid corals in the Philip- 
pines. He discusses the interaction of crab and coral polyps in a 
passage which I will quote in full. 

Semper first states that the influence of the respiratory current of 
Cryptochirus is exerted in quite a different way to that of HapatocoT' 
cinus. This is due to the fact that the former genus only inhabits 
the more massive forms of coral and consequently the cavities in ^diich 
it lives are unlike those in which Hapaiocardn/m is found : 

" Here there are no galls, but merely cylindrical or funnel-shaped hollows, 
which are never dosed during the lifetime of the crab, so that it certainly 
would be able to quit its position. Neverthdess, it as certainly does not do 
so; but the spedes I observed living thrust the forepart of their bodies very 
far out of their peculiar 'cave dweUmgs,' so that only their pouches, i. e., the 
hind part of the body, remained within. The cavity itsdf exhibits some 
remancable peculiarities. The bottom of it, cm which the pouch rests when 
the creature has completdy withdrawn itsdf into it, displays the radial 8q)ta 
of a pdyp-cup one above another. They there are perf ecUy distinct, while the 
dde walls of the cylindrical cavity are so completely lined with a thin cal- 
careous crust that nothing can be seen of the perpendicular septa of the polyp- 
cup. From this it is evident that the young crab, or the larva of it, takes up 
its abode in the centre of a cup, and so kills the polyp inhabiting it. A speci- 
moi now lying before me, with an inc(»nplete cave-dwdling, shows that the 
crab grows at first at the same rate as the sunxnmding polyps; for the marg^ 
the cdrab's hole, which is perfectly cylindrical, is on exactly the same levd as 
the neighbouring cups, and its breadth too is exactly the same. The cavity 
is six millimetres long, and the length of the crab found in it exactly corre- 
sponds. In another example, however, the len^ of the pit is twenty milli- 
metres, while that of the crab bdonging to it is not more than seven milli- 
metres, at any rate in the dried state. This proves that the crab ceases to 
grow much sooner than the coral; and this condusion is strikingly confirmed 
by the fact that the margin of the cylindrical pit is not on the same level as 
that of the surrounding polyp-cups, but much deeper. From the maigin of 
the crab's dwelling, prepay so called, there is a f unnd that widens to the top, 
and of which the margin, as is shown in the cut (fig. 68), is gradually merged 
in the upper prominences of the coral. The crab living in the funnel thus 
formed was carefulljr observed by me during a long period of its life, and I was 
enabled to see that it protruded itself far enough out of its hole to be able to 
reach with its outstretched fore-claws abnost to the highest portion of the 
funnel. 

" The whole conditions here described allow of no other explanation than 
the following: At first the crab and the coral grow at an equal rate; for, if the 
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coral grew more rapidly than the crab, an inverted funnel or hollow cone 
would be formed over the crab, while, if the crab grew the faster, the maigin of 
its cave-dwelling, so long as it was small, could not be exactly on a level with 
the margin of the contiguous polyp-cups. But wh^i the crab has reached its 
full length, about seven millimetres, the polyps outgrow its funnel-shaped 
dwelling, and would no doubt soon wholly outgrow it, if it were not that they 
find a certain resistance in the current set up by the crab for breathing and in 
the movements of the creature; and this resistance is sujfficient to compel the 
growth of the coral in a particular and determined direction. The two powers 
in opposition thus reach an equilibrium, and it is their reciprocal action which 
gives the funnel its characteristic form. 

''Here too, as in the former instance [Hapalocarciniislf the individual 
polyps plainly show the effects of the current. While in general the cups are 
perpendicular to the surface of the coral, in most of those which grow within 
the funnel this is not the case; they have an oblique direction upwards, and 
are most oblique where the strength of the current is greatest, i. e., at the 
narrow bottom part of the funnel." 

The material I have investigated comes from Minikoi and has 
already been reported upon by Borradaile (Fauna and Geography of 
the Maldives and Laccadive Archipelago, vol. i, p. 271 , Marine Crus- 
taceans, III, Xanthidse and some other crabs) and referred to the 
species Cryptochirua coraUiodytes Heller. They were collected by Pro- 
fessor J. Stanley Gardiner and are preserved in the Cambridge Univer- 
sity Museum of Zoology. There were three males and several females. 
The dimensions (in millimetres) were as follows: 





Largest 
female. 


Smallest 
female. 


Largest 
male. 


Smallest 
male. 


Total length 


8 

4 
3 


• • • • 

2.7 
1.6 


• • • • 

3 
1.7 


• • • • 

2.7 
1.5 


Carspsoe length 

Carspsoe breadth. . . . 



These measurements are very similar to those given by Heller for 
C. coraUiodytes from the Red Sea. 
The notes given by Professor Gardiner are as follows: 

"A block of Leptoria tenuis^ which had a large number of round holes on the 
surface up to 4 mm. across, was broken up. The holes . . . were nearly 
all found to be occupied by a symbiotic crab. The holes varied in depth 
from 1 to 30 mm., the coral bdiig in the latter case 48 mm. thick. Nor- 
mally the animal would appear to live close to the surface, with the carapace 
as a kind of shield closing the hole. When the block becomes more or less 
dry they retreat into the bottom of the holes. . . . These commensals 
are extremely common in Leptoria from the lagoon at Minikoi, but are never 
found in specimens from the outer reef. They are rare on other corals, occa- 
sionally in massive Astr»ids from the lagoon at Minikoi, but not apparently 
in branching corals, fungoids, or perforate corals." 

I examined a number of colonies in a dried condition from the col- 
lections of Professor Stanley Gardiner and Mr. Cjrril Crossland. In 
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a spherical colony of LeptastrcBa aolida, about 4 cm. in diameter, 
from Minikoi, there were six pits occupied by dried Cryptochirua 
and a large nxmiber of others which resembled the first exactly and so 
were probably once occupied by crabs. Each pit is cylindrical and 
uniform in diameter. At the bottom are to be seen the septa and 
columella of a dead pol3rp; the walls are perfectly smooth. The depth 
only varies from 4.5 to 5 mm. and in all cases the inhabitants were 
barely mature females. It seems, then, that all these symbiotic crabs 
had established themselves simultaneously or practically so, no very 
long time ago. 

In a fragment of a colony of Leptoria tenuis (plate 3) also from 
Minikoi, and so possibly the very specimen alluded to in Professor 
Gardiner's account, there were three deep pits measuring respectively 
12, 16, and 40 millimetres with a r^^ularly circular cros&-section. In the 
first of these was a female Cryptochirua with well-developed abdomen 
(but not bearing developing eggs) much larger than those found in 
the colony described above. There was also a shallow pit only 3 mm. 
deep which contained a male. This observation is of great interest. 
In Hapalocarcinua it is fairly certain that the male never forms galls, 
but l^uls a short and wandering life. In Cryptochirua dimorphua, 
where the male is very much smaller than the female, a pair is foimd 
in each pit according to Henderson (4) , the male nearly always adherent 
to the female. In this species, then, it may be assimied with certainty 
that the female is the original householder and that the male is a mere 
lodger benefiting by the hospitality of the other sex. But in Crypto- 
chirua coraUiodyteSf where the disparity in size is not so great, as far as 
my limited experience goes, solitary females usually inhabit the pits, 
but sometimes the males form and tenant very shallow ones, so that 
separate establishments for the sexes is the rule. But the shallowness 
of the pits containing males shows that they are short-lived or given to 
changing their residence. The structure of the males, moreover, is 
not so much adapted for life in a deep pit as is that of the females. 
The walking l^s of the second pair are not stronger than the others 
and the swollen chelse are not fitted to assist in scrambling up and down 
a smooth-walled hole. It is obvious that both sexes must leave their 
holes at certain times. The female fits so tightly in her hole that she 
must come to the surface of the coral colony to moult, and so there 
copulation also will occur. 

It seems, then, from the information we at present possess, that the 
three species described in the family present an interesting gradation 
in sexual habit. In HapdUKorcinua maraupidlis the male wanders 
about from gall to gall and is very short-lived; in Cryptochirua dimor- 
phiia he lives a sedentary existence, but merely as a commensal of the 
female crab; while in C coraUiodytea he actually forms a house of his 
own, where he maintains an independent position. 
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A COMPARISON OF HAPALOCARCINUS AND CRYPTOCHIRUS. 

There is no doubt that Hapalocardnus and Cryptochirtts are very 
closely related. The same striking modifications of structure occur in 
both. Of these the reduction of the oral appendages and the gastric 
mill show a common method of feeding, while the abnormal growth of 
the abdomen is connected with the production of large broods of eggB, 
a property very necessary for a sedentary animal. The structure of 
the oral appendages and the maxillipeds is almost identical in the two 
cases (text-figure 16). The abdominal appendages, also, have exactly 
the same modifications. 



ex.mpZ 



ex.nnp.1 




Fio. 16.— Buoeal area of Cryptoefctnia. X 00. 

For oompariaon with that of HapalocardnuB, Drawn from a spedmen cleared in potash and 
mounted in Canada balsam. On one side maidlliped 3 and parts of other appendactee have 
been removed; on the other masdllipeds 1 and 2 are shown ooeurxing beneath 3. The pa- 
pills on the surface of mudlliped 3 are indicated by small circles. It will be seen that maz- 
illiped 3 comes much closer to the middle line than in Hapalooareinua and that the provision 
of set» for the ezopodites of masdllipeds 1 and 2 is not marked, while they are not found oo 
the border of masdlliped 3. The main work of sieving is done by the strong set» arising from 
the oidopodites of masdllipeds 2 and 3. The sieve has not so fine a mesh as in HapoiocareinuB. 

B, mp, /, C. mp, $, basipodite and cozopodite of first maidlliped; mx. /, mx. $, first and second 
maTJllgi. Other letters as in test-figure 6. 

Such structural differences as exist correspond to their diverse 
habitations. HapalocarcintLS affects branching corals with individual 
polyps much smaller than itself, even at the earliest stage, and forms a 
complicated gall almost completely shut off from the exterior by con- 
trolling and modifying the branching of the coral. CryptochiruSy on 
the other hand, seeks to house itself in massive AstrsBid corals, where 
the individual thecae are of such size as to accommodate the intruder. 
It occupies a theca after passing through its larval stages and very soon 
the growth of the pol3rp is suppressed and death will follow. The 
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growth of the polyps around it continues^ but the mere mechanical effect 
T of the presence of the crab causes a circular pit to be left, whose depth, 

gives the amount of growth of the colony since the crab first settled 
down. This pit is almost uniform in diameter, since the growth of 
the crab is in length and hardly at all in breadth; and it is cinmlar in 
section, this being the shape of the original theca, to which CrypUh 
chinia epeedily adapts itself. The depth, size, and shi^ of the house 
are thus primarily dependent on the pol3rp and its manner of growth. 
These characters are not determined by the crab in anything like the 
manner in which HapalocardntLS affects those of the gall. Moreover, 
the shi^ of the pit is responsible for the form of its inhabitant and not 
vice versa. Thus, to occupy the circular pit the cephalothorax of Cryp- 
tochirus has become uniformly cylindrical; the soft abdomen easily 
adapts itself to the same shape. In order that the creature may raise 
itself easily and quickly in its long tube and retire to the bottom with 
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Flo. 17,— CnfptoekiniM wn UJ o dfu i n , Third nuudlliped. X60. Compare with that of ffajw^ooar- 
einttf in text-fifure 6 C. The aurfaoe of the iaohiopodite is paiMllated. 

Flo. 18. — X 26. A, eeooiid pair of thoraeic lecB, to show the great development of the flat* 
tened meiopodite. B, third pair of thoraeio lege. 

equal speed, the four posterior pairs of walking legs are very strong 
and furnished with very sharp claws to obtain a purchase on the 
smooth walls of the pit. Th^ are also flattened from side to side, so 
as to woi^ more easily in the confined space. 

The carapace of the crab is humpbacked, its anterior surface f onn- 
ing a thickened disc placed obliqudy to the rest. Such a view as that 
in figure 19 a, shows the mouth of the pit largdy filled up by this 
anterior part of the cephalothorax, while to the sides and in front the 
chels and especially the second pair of walking legs help to close the 
entrance and also to maintain the crab in its position at the mouth of 
the hole. So here, as in all tubicolous animals, a sort of operculum is 
formed which doses the mouth of the tube and protects tlie soft pos- 
terior parts from injury. 
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The female has the second pair of walkii^ legs rather longer and 
much strong^' than the rest. The femoral article in particular is 
stnmgly compressed and very broad. In fact, the lateral view of the 
fonale crab reminds one greatly of the burrowing Orthopteran insect 
OryUotalpa with its stout strong first pair of legs modified for burrowing. 
Heller, in 1862, also called attention to the resemblance in general 
shape to the cylindrical wood-boring beetles. But Cryptochirus differs 
from both these cases in the fact that no active boring and burrowing is 
performed and the great development of one pur of appendages in 
both Cryjttodiirus and CfryUotalpa is thus due to different causes. 



Fra. 10. 

A. ftyptecMruioarnHtflJt ttt in If iMturalpo^tioQiaKOolaiiyotLaplaiftwiroiMiKiiia. Theonb 

ia aaea in its lat, tbs oup of k dewl pain>i ■mnninded hf aonatl polyp*. It will b* 
notioed thmt the only part of the oampMa viilble is the obliijuely flmttenod mnterior p«rt; 
tlw ebebe and the noond pair of thoraoio Umbe fill op the spue to the (idee. TUe 
iUaattmtion doei not oonrey quite adeqaatoly tha offeotlre way in whioh the pit ia flllad up 
br ita inhsUtMtt. 

B. C(NMefT'^<afta'Heodenon)- Female and mala, XS, to ahow the it(ilcin<««xualdliiK>n>h- 

inn in tUa ^Mdee. Compare with Scurea D and F of C. ooraBiM^ta, when the male and 
female am drawn to the Munc wmIb and an more neariy the tama nae. 
C-F nto to C. eenmodylti. 

C. SideTiewof matan lanale, XO. Theaoain the brood pouoh are indicated a« aeen throu^ 

tlM tnattmvat Uteral mUa of the lattw. Note alao the flattened anteriot part of the 
oan^Mkoe, and the eolaiiadaeaoiid pair of thoraoiaappendageauaed in movement In the pit. 

D. Tentnl Tirnr of matim female, X6. Some of the doreloping eua in tha brood poueh an 

Men pnjaetlng from it. The inunatnre tggt In Uie ovary an indkvtad by tha dotted 
oindei In the abdomen, poaterioitjr. 

E. Immatun female, vaatnl viaw. To ahow narrow abdomen. 

F. Hide, XS, to iboir ilae oompared to mature female. The eopulatory itylea are repieeanted 

by dotted line* pairing beneath the abdomen, emerginf at ita anterior end. 
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THE AFFINITIES OF THE HAPALOCARCINID/E. 
On this subject Caiman writes as follows: 

"While the characters of HapahcarcimiSf as now described, show dearly 
that it must stand alongside CrypiochiruSf they give little help towards settlmg 
the place of the two genera in the system. The position of the female fleoital 
apertures shows that they must be placed among the true Brach3ruray aluK>uc^ 
there are some curious resemblances to individual genera of the Ancnnura. 
Thus the endopod of the third maxillipeds resembles MHnewhat that of 
Poredlana, while the rudimentary exopod su|^;cst8 a oompariscm with the 
Hippidea. The number and uniramous condition of the abdominal ^^)end- 
ages also agree, except for the absence of the sixth pair, with the last-named 
group. These resemblances, however, are balanced by numerous important 
differences, so that even were we to set aside the evidence of the g^tiJ open- 
ings it would be impossible to place the genera in any (rf the groups of Ancmiiira. 
On the other hand, the characters of the third maxilUpeds and of the abdcHninal 
appendages and the greatly enlarged buccal area are unlike anything found 
among the Brachyura. The resemblance to the Pinnotherids ^>peai8 to be 
quite superficial.'^ 

My own opinion coincides almost exactly with that of Caiman, but I 
am inclined to lay even less stress on the resemblances to the Anomura. 
The characters of the male are typically Brachjruran. The Hkeness 
between the third maxillipeds of ParceUana and Hapalocarcintu is 
due to a similar mode ci feeding. I have dealt at length with two ci the 
divergences from the Brachyuran type mentioned by Caiman; and the 
third, the character oi the abdominal appendages, is more nearly paral- 
leled by Pinnotheres amongst the Brachyura than by the Hippidea, as 
Caiman suggests. But in spite (A this fact I thoroughly agree that 
there is no near relationship between Hapaloearcintu and Pinnotheres. 
Caiman says further with regard to this point: 

"In describing Hapalooarcinuaf Stimpeon noted its resemblance to Pinna* 
theres in the large siie of the abdomen and the softness of the integument, 
and he stated that its systematic position was probably between Pinruh 
iheres and Hymenosoma. Apart from the two points mentioned, there seems 
to be little in the characteristics of the species as now described to suggest 
affinity with the Pinnotheridse, while the third maxillipeds are widely diffo^ent 
in type from anything found in that group.'' 



In Hapaiocarcinus 9 there are three pairs of abdominal appendages, 
while Pinnotheres 9 possesses the normal number, four. There is, how- 
ever, in both a tendency to a complete suppresaon of the exq^, a 
tendency not exhibited in other Brachyura, so far as I know. 

The following statement of the appendiages forms the basis for a 
more exact comparison: 



SCflDMOt* 


HspaloeAroinus, 


Pinnotlww. 


1 






2 

3 

4 

6 


Bimnoiii, bat eiopod rudifMotMy. . . 


Binmous, boi eiopod rudimfgitaiy. 
Binunous; exopod ▼«ty well developed. 
Uniramouii. 
Unimnous. 


TJnimiKMiB 









68 Papers fr(nn the DepartmerU of Mantu BicU^ 

Cryptochirua is like Hapahcarcinus, but the rudimentary exopod is 
not present in the appendage of the second segment. It must also be 
noted that in the third maxilliped the ischiopodite and the meropodite 
are more expanded than in the latter genus. The third maxilliped of 
Cryptochirua thus forms more of an operculimi for the buccal region 
than it does in its relative. The sieve mechanism (text-figure 16) is also 
less developed, and altogether it can hardly be said to be so highly 
modified as in the gall-forming crab; this is no doubt due to the fact 
that isolation in the gall and consequently a preliminary filtering of | 

the plankton at the gall apertures make it necessary to have as perfect 
an apparatus as possible. ; 

THE HOSTS OF HAPALOCARCINUS AND CRYPTOCHIRUS. J 

The names in brackets are those of the authors responsible for the i 

record. 

(1) Hapdloearcin/u8 marsupialis Stimpson. , 
PodUopora: 

P. oBspitoaa Dana [Verrill, Hawaiian Islands; Potts, Murray Island]; 
? P. brevicomia Lam., P. eUmgata [Verrill, Ceylon]; P. sp. 
[Semper and D. Graeffe, quoted by Semper]. 
Seiialapara: 

S. hyatrix [Semper, Philippines; Potts, Murray Island]; S. imbricaia 
[Bassett-Smith, China Seas]; S. degana 7 probably identical with 
S. hyatrix [Caiman, Murray Island]. 
Siderapora: 

S. palnuUa, S. digitaia, [Semper, Philippines]. 
Stylaphora: 

S. rariateUa Dep. var wUaani J. S. Card. [Potts]. 
HapdUKOTcinua has also been recorded from MiUepora by Hickson. 

(2) Cryj^ochirua Heller. 
C coraUiodytea Heller: 

GoniaatrcBa boumoni; Aatrcea sp., TrachyphyUia sp. [Semper, Philip- 
pines] ; TrachyphyUia sp. [A. Agassiz, quoted by Semper, West 
Indies]; Leptaatrcea aoltda (Ed. and H.); Lepioria tenuia, [Potts, 
Minikoi] ; Hydnaphora Icbata [Potts, Port Sudan, Bed Sea.] 
C. dimorphua Henderson. In "a large branching madrepore." 
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SUMMARY. 

Hapaioeareifi/ua. 

(1) The stages in the formation of galls in colonies of PadUapara and 

Seriatopara are here fully described. 

(2) The male, here described for tiie first time, is found in open galls with 

females which have just reached maturity. It is rather smaller 
than the youngest female here described. 

(3) The females vary in sise, from very small individuals with narrow 

abdomen without appendages, gonads and generative apertures 
not having been yet formed, to large forms with hypertn^hied 
abdomens forming brood pouches laden with developing eggs. 
The palls correspond in development to their inhabitants. 

(4) The peculiarities of the buccal app^dages and the reduction of the 

armature of the stomach are explained by supposing that the 
crabs live on the nannoplankton drawn into the galls with the 
respiratory current. This is supported by the fact that the 
stomach is always ^>parently empty, closer examination some- 
times showing very minute organisms. 
Cryptachirus. 

(5) In Cryptackirua carattiadyies the male does sometimes form shallow 

pits and does not inhabit the same pit as the female. 

(6) The sexual dimorphinn in this species is much less marked than in 

C. dimarpkus. 

(7) Buccal appendages and stomach exhibit the modifications found in 

Hapciacarcinua and a similar method of feeding is probably 
employed. 
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HapaiocareinuM manupiaUa, Female. 

fig. 1. — Stage I. Ventral view. Narrow abdomen and no reproduotiTe apertures. CarmiMMe 
length, 1.75 mm. X 18. 

Fig. 2. — Stage II. Ventral view. Abdomen reflezed to show rudiments of the three pairs of 
appendages. Female apertures developed, /o., position of the gsoerattve apertures; 
r. #., rudimentary appendages of the abdomen. Carapace length, 2.0 mm. X 18. 

Fig. 3. — Stage III. Ventral view of abdomen only. X 18. 

Fig. 4. — Stage IV. Ventral view of individual boiled in caustio potash and mounted in Canada 
balsam so that the female apertures and the abdominal appendages can be seen under- 
neath the abdomen. Carapace length 3.0 mm. X 18. 

Fig. 5.— Stage V. Ventral view. X 8. 



HspoIoearcuuM ma m tfia li* . 

He. «.— Ptmtle. wUf VI. Vwitnl vfaw. XE 
FI<. 7.— Fteula, alive Vila. Donal Tiew. X 
Rc S.— FWnale, fUv Vila. Vantnl tww. > 
Fig. 0.— PtouJe, itac* Vila. t«t«csl view. > 
««. 10.— F«(i»la, lUn Vnb. Vontral tIbw. X4. The dottod lirdaa tikdlnU 
«BV nn thraash tlia Mni-bmnvu ' 



Pit> at CqrplocbmB couUiodyta in ■ calony of LepWru Icauit fran Minikoi. About aUuial alt. 
Ftoa a pholagrapli o[ ■ ipecimeD now in the Cambridoe UuToaty MuMun oi Zocdon. 
Tluee deep pin formed by females aie Men on a diagoaal line acroa ihe figure. They may be 
dudnguiibied by their cbcular ihape (and draighl lida) ^m pin tanned by commcBaal 
lamelbbraDcfu, one of which ii koi to ihe right (o«al in ihape). Jul above ihe cential 
pit it another ihallow depmaion which wai occupied by a male. 
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THE FAUNA ASSOCUTED WITH THE CRINOIDS OF A 
TROPICAL CORAL REEF: WITH ESPECUL REFER- 
ENCE TO rrS COLOUR VARUTIONS. 



Bt F. a. Potts, M. A. 



INTRODUCTION. 

Although so much attention has been devoted to the phenomena of 
mimicry and protective resemblance displayed by land animals, in only 
one case has the colour resemblances of a marine animal been exhaus- 
tively studied. I refer to the classical instance of Hippolyte varianSf 
iUustrated by a long series of ingenious observations made by Gamble 
and Eeeble. Briefly stated, the story is as follows: The young Hippo- 
lyte is frecHswimming and colourless, but it becomes virtuaUy a seden- 
tary animal, anchoring itself to a seaweed or hydroid in the Tiaminarian 
sone, on which it finds both food and shdter. The prawn has the 
power of forming red, yellow, and blue pigments and by altering their 
rdative proportions in the chromatophores it can acquire a green, 
brown, blue, or red ground-colour, and is thus able to adapt itself to 
the varied colours of the seaweeds and hydroids. The pigment may be 
laid down in longitudinal stripes or horizontal bars and in this way a 
colour scheme can be formed matching whatever seaweed the prawn 
shdters in. In early life a change in habitat is followed by a readjust- 
ment of the pigment altering the colour scheme, but this power is 
soon lost. 

There are, however, a great number of cases where species of small 
marine animals are associated with an environment not varying, as in 
the case of Hippolyte^ but definitely fixed for the species — for instance, 
some particular kind of sedentary animal, sponge, alcyonarian, or 
crinoid, as the case may be, which it frequents for shdter and conmionly 
resembles in colour. Sometimes the first is definitely a parasite on the 
second, as in an example of the phenomenon often noted at Murray 
Island, where the bright blue starfish Linckia Umrigata, so widely spread 
on the Indo-Padfic reefs, was a source of food to multitudes of tiny 
copepods (Linckiamolgus comdeus Stebbing), whose colour exactly 
matches that of the host, though the pigment is of a different chemical 
nature. 
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In the majority of cases the association is of a vaguer nature, and 
while the associated animal gains protection it obtains its own food- 
supply. How numerous such cases are in tropical seas may be seen 
from the following passage: 

"We noticed numerous other animal partnerships, ^diich might have been 
cases of oommensalism but were more probably merely one-sid^ adaptatioDs 
of one animal standing in need of protection to another animal capable of 
affording the required protection without any expenditure of effort. For 
instance, a very common branching aooph3rte of this region is Spongodes 
puetvlosa (or some very closely related species), a creature near akin to the 
'dead men's fingers' of British seas. It looks like a small 'run to seed' cauli- 
flower, of which the individual florets are of a bright pink colour. Hidden 
among its branches we found no less than four small species of crustaceans (an 
AIpAeud, a Oalaiheay a Porcellana, and a rare little i^ider crab known as 
Hoplophrys oateei), all of which, in life, are grejrish white, with bright pink 
spots, so that they are perfectly invisible so long as they remain quiet in thdr 
hving ref Ujge. Another aooph3rte that we often dredged was Piefirides degane 
(or a species intimately dose to it), one of the sei^iens, of a grey colour pro- 
fusely marked with little blackish rings. In its leaves three sniall species of 
crustaceans are accustomed to hide, all of which are coloured and spotted 
exactly like the living citadel in which they dwell. I have already mentioned 
the sea-lily iAcHnometra)f striped in alternate bands of yellow and piirple, on 
whose fronds similarly striped crustaceans live without fear of detection; here 
we found the same sea-lily giving secure shelter to sea-worms, banded yellow 
and purple like itself." — (A Natturalid in Indian Seas. A. Alcock, London, 
p. 112, 1902.) 

The association last mentioned in this passage, that between staUdess 
crinoids and a multitude of smaller inv^i^brates, forms the subject of 
this paper. To those who only know the species of Antedon found in 
our own British waters, the wealth of numbers and the riot of colour in 
the crinoid fauna of a tropical coral reef is a remarkable revelation. 
In October 1913, during my visit to Murray Island, I was able to 
observe this fauna imder the best conditions. The commonest species 
there is the form Comanihus annvlatum (Bell), remarkable for its extra- 
ordinary range of colour variation from very light-coloured individuals 
(in which white, light green, yellow, and grey mingled in the colour 
scheme) to others which are entirely dark green or black. In the 
shelter of its arms live commensal forms belonging to many groups of 
marine invertebrates, and generally speaking they possess a type of 
colouration which makes them inconspicuous upon the host and so 
varies with the colour of the host. The fact that such a relation exists 
between crinoids and such animals as alpheids, galatheids, and Worms 
has been pointed out by Dana, Haswell, and Alcock, but I think the 
circumstances warrant the publication of a more minute though still 
very incomplete study of this curious phenomenon. 
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List of animala eammensal with crinaids on the re^s of Murray Island and off 

Mabuiag, Torres Straits, Australia. 

[Other forms described as commensals of crinoids in other areas are included 
in brackets. Only those forms which show colour resemblance to 
the host are included.] 



Cbustacba 



Decapodm Macrura 
Alpheidfle. 



Pontoniidfle. 



Decapoda Anomura. 



laopoda . . . . 
Amphipoda. 



EcHiMODBRMATA. OphhiToidea, 



Polyclueta — 
Anhbuda 

Myioetomida. 
MoixuscA Gasteropoda. 



'Synalpheus comatularum Haswell, S. bnioei sp. n. 

(S. stimpsonii var. maldiveiiBiB, Indian Ocean. 

S. carinatiu var. binongeensiB, East Indies.) 

Peridimenes oommenaalis Borradaile. 

P. pottd Borradaile. 

[P. oomutua, oeratophthoelmus, brocketti, Indian 

Ocean.] 
[P<Hiton]op8i8 comanthi Borradaile.] 
Galathea elegans Adam and White (G. deflezi- 
pona and longiroetria are probably asmonyma 
of this apeoiea). 
G. inflata sp. n. 
G. minuta sp. n. 
Cirolana lineata sp. n. 
Cyok>tel8on gen. n. purpureum q>. n. 
AmphiuridiB. Ophiaotis sp.7 
Ophiotrichids. Ophiomasa cacaotica Lyman. 
Ophiomasa cacaotica var. picta Ko^kr. 
[Oi^iiophthirius actinometne DOdeiieiny 
TiMTes Stnuts; Thursday Island. Ophio6&- 
thiops imioolor Brock, Amboina. Ophio- 
sphiera insignia Brock, Amboina. 

Polyno^ minuta Potts var. comanthi var. n. 
[P. orinoidicola Potts, Indian Ocean.] 



DECAPODA MACRURA. 

ALPHEIDiC 

The species of alpheids commensal with crinoids in Torres Straits 
are two in number: 

Synalpheus brucei sp. n. from ComanOius annulaium and Comatula purpurea 

on the reef at Murray Island. 
S. comatularum Haswell from Comanthus annulaium in shallow water from 

localities in Torres Straits (Albany Passage, Cape York, and north 

of Mabuiag). 

Couti^ has divided the species of this huge genus SyruUpheus into 
several groups, each consisting of nearly allied forms. In the Comor 
tuUxrum group those species are included which fall in the following 
diagnosis: 

"Supraorbital spines insignificant compajred to the rostrum; antennules 
shorter than the antenme; spines of the basicerite almost equal, the external 
always smaller than the stylocerite; external maxillipeds oral, feebly i^inous 
distally; first se^pnent of the carpus of the second pair of feet very long, 
following feet cyundrical; ventral hook of the dactyl obsolete; telson with an 
oval median lobe.'' 
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Coutidre goes on to remark that his group h 

"differentiated from the other groups by some marked characters, which are 
ahnost all characters found in the Hippol3rtidffi and therefore suggest a less 
strong resemblance to the Reptantia; as frequently happens, there are added 
to these primitive characters (others) which show on the contraiy, an adapta- 
tion earned very far; for instance, the strongly curved hooks and the movable 
finger of the small chela surpassing the fixed fin^; these characters are espe- 
cially marked in S. comatidarum and are explamed by its commensalism with 
the comatulid, being implements of attachment for the Synalpheus" 

Both the species which I have collected belong to this group. More- 
over, two other forms which are included by Couti^ are distinctly 
stated in the original descriptions as occurring on crinoids. These are: 
Synalpheua stimpsonit var. maldivensis, and Synalpheus carinatus var. 
binongeensis (from Comatula). 

Thus, 4 out of the 12 species and sub£9>ecies in the group possess this 
habit. As, for the most part, the different forms are only known from 
very few specimens, and notes on the habits or even colouration of the 
living animal are hardly ever given, I think it highly likely that escten- 
sion of our knowledge will show that the whole group is characterised 
by commensalism with crinoids and possibly also by the striking 
colouration, so different from that of other alpheids, which are found in 
S. brucei and S. comatularum. 

Syiial^evs br«eci sp. n. (Plate 1, Fig. 2.) 

A Synalpheus of medium sise, commensal on crinoids. Body rather slender, 
colouration variable, with longitudinal bands of red or purple pigment. Ros- 
trum very long, about one-tlurd the length of carapace, reaching to the end 
of second antennular article, 
slender and acute, continued 
backwards for a short dis- 
tance beyond the level of the 
eyes as a low carina. Sup- 
raorbital spines acute, about 
one-third the length of the 
rostrum. Antennse (2) very 
long and slender; the basal 
joint hardly so long as the ^^ ^ _chl« of Synaipheu.. 

f^L^L m ^Fif^!l «• ^~^- ^' ^^ «^ X 4; B. -n«U chela. X8. 

Antenna (1) very much ^ cama^^Oarum: C. «naU cheU. X 8. 

shorter than antenn»; stylo- 

cerite only reaches to end of proximal article; proximal article much longer 
than other two; spines of basicerite almost equal, external does not extend 
further forward than supraorbital spine. Incisor process of mandible t^ids 
to end broadly, with several teeth. Large chela with rather inflated pro^ 
dite, carpopodite with prominent i^ine on outer border. Meropodite with 
two smaller i^ines. Small chela with dactylopodite not stretchmg bejrond 
end of thumb, meropodite with prominent spine on outer border. First s^- 
ment of carpus of second pair of feet much longer than the four succeeding 
segments tc^s^her. Third and fourth feet armed with sharp spine on inferior 
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margin of meropodite; dactylopodite with distinct ventral spSke measuring 
about one-quarter the length of joint. Telson with anterior pair of spinules, 
rather slender, situated just behind halfway line; median lobe oval. 

Locality: Murray Islajids, Torres Straits. 

Measurements: In seven females measured from the tip of the rostrum to 
the end of the telson the length varied from 1.9 to 2.8 cm. TIm Qggs measured 
1 mm. in length; with the growth of the embryo tlie envelope stretches and 
the egg becomes twice as long. They are always light green in colour. 



Fio. 2. — Synalphmu bmcti: A. Lateral 
view c2 heitd ahowint anteniuB and 
roftnim. 6^,bMioQrit6;6^'.,bMAl 
joint; «r, exopodite (toai^iooerite) ; 
9,p„ apioe of mntenna 2; a. 1, 
antonna 1; r, rostnim; 9Uf,, fapra- 
orbitol ifHiie. X 16. 

B. Baaal portion of antenna 1. •<.» 
■tylooerite; 1, f , 5, artiolee of pto- 
topodite. X 15. 

C. Inoiior ptooeat of mandiblei in 
two indiyiduala* one allowing alio 
palp (p). X 16. 

5. ooMialMlanMfi; I>. Mandible. Inaet 
(DO ineiaor piooesi of another 
individual. X 15. 




Fio. 3. — Syno/pMiM 6nio«i; il.aeoond 
pair of tliorado feet ; B, third pair 
of feet, X 15; C, tebon, X 15. 

In then test-ficurea the oorreapond- 
ing •tniotaroe of both 8. hmcti and 8. 
eomwiuhrMm are giveQ for oompaiiaon 
in a few oaeea, aa, for inatanoe, the 
ineiaor*prooeaa of the mandible, wfaieh, 
though variable in the nnmbarof teeth 
in both apeoiea (for thia r eaao n two 
eiamplea of each are drawn to ahow 
the range) haa a larger numbar in 3. 



REUTIONS OF COMMENSAL AND HOST. 

Camanthus annvlatum, with which Synalpheus brucei is usually asso- 
1, is very variable in colour. Some indication of this diversity is 
to be found in Dr. H. L. Clark's account of the Comatulids of Torres 
Straits. It will be sufficient here to say that the colouration varies from 
a light green mingled with yellow and white to the darkest green or 
even black. The commensal alpheid is generally black to brownish 
purple in groimd-colour, but the pigmented dorsum is traversed by 
longitudinal stripes which are free from pigment. Of these one runs 
down the middle line from head to tail, there are eith^ two or three on 
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each side of the carapace, and two on the upper surface of the chela. 
In addition, each abdomioal pleuron is traversed by a short, oblique 
pigment-free stripe, which may by the encroachment of the pigment 
become a spot. The relative extent of pigmented and non-pigmented 
areas is exceedingly variable and correQ)onds roughly to the depth of 
colouration of the host which the alpheid inhabits. Individuals which 
lodge upon a light-green coloured crinoid have only thin red or purple 
lines of pigment, the rest being unpigmented; in those which are asso- 
ciated with a dark green or black host the pigment may be spread over 
the whole of the dorsum. 

In the vast majority of cases a pair, male and female, of alpheids is 
found on each comatulid. In a few cases there appeared to be only a 
single lodger, but then its small size seemed to show that it was too 
young to have acquired a mate. In most cases the pair are similarly 
coloured; rarely, however, there is a difference, and I will mention one 
case in which one member was marked with very definite and fairly 
wide stripes of dark pigment, while the other was uniformly covered by 
red pigment. 

There are two factors in colour variation. The one is the character 
of the pigment, which ranges from a clear red to a purple so deep as to 
appear black. The second depends on the area of the body cov^*ed by 
the pigment. The former factor seems to depend very largely on the 
species of the host. Synalpheus hrucei is found (though more rarely) 
on a second host, Comatula purpurea, in which reddish pigment pre- 
dominates, and here the crustacean was sometimes observed to show a 
red pigment which covers the whole body and thus matches the host. 
But sometimes purple and white striped individuals are found on Comor 
tvla purpurea, thus transgressing the apparent needs of the species. 

Among the commensals of C. annvlaiumf too, the pigment may be red 
or red brown. But this is only so in the cases where the coloured stripes 
are narrow. Where they are broader the pigment is invariably darker. 
The chief variations of colour, then, may be tabulated as follows: 

Unifonnly red-brown In C purpurea. 

With narrow red stripes In light-g^een varieties of C anniulalwn. 

With purple 8trq>es or uniform dark colouration . . In dark-green varieties of C anmdaiwn. 

The purple pigment would seem to be either something additional or 
a more complex product of the red pigment. In alpheids which were 
preserved in formalin and glycerin to keep the original colour as far as 
possible, the purple was speedily lost, leaving such a red as occurs in 
the lighter-coloured forms. 

Synalpheus hrucei thus exhibits a marked protective resemblance to 
its host. Against the very light-coloured crinoids the almost colourless 
alpheid is quite inconspicuous. The striped specimens are f oimd upon 
crinoids where bars of Ught and dark pigments alternate, and so they 



Fauna Assodaled with Crinoida of Trapi>cal Coral Reef^ etc. 79 

too are not easily seen. And lastly, when the dark pigment is uni- 
formly spread over the body of the crinoid this is also the case with 
the alphdd. 

But though this is often true, there are many cases where the resem- 
blance is by no means close and the alpheid is rather conspicuous. I 
am inclined to explain these cases by supposing the alpheids to have 
migrated from some other crinoid at a comparatively recent period. 
So thickly do the crinoids Ue in the crevices of the reef, all conceivable 
coloiur-varieties being herded together without distinction, that it is 
more than likely that an interchange of commensals should occasionally 
take place; for Synalpheus^ though tending to become a truly sedentary 
animal, is at times very active and an excellent swimmer. I should also 
like to suggest that the conditions of commensalism do not allow natural 
selection to come into play to any marked extent. The commensals 
are for the most part inclosed by the arms of the crinoid as in a living 
cage. When the water is calm these arms are relaxed and extended, 
but on the approach of an intruder they ciu*l up and so protect the soft 
central disc. It is hardly to be supposed that even a rapacious fish 
would take a mouthful of these hard and unsatisfying arms for the sake 
of the shrimp which Ues amongst them. In no case at least which we 
saw were the arms of crinoids mutilated. 

Gamble and Eeeble have shown that in the prawn Htppolyte the 
young larva is at first a coloiu^less creature living at the suif ace of the 
sea, and when this is carried inshore it attaches itself to the first seaweed 
it meets. The skin is in such a sensitive condition that within a week 
a complete resemblance in colour is brought about, whether the seaweed 
background be red, green, or brown. It seems that the resemblance in 
colouring of Synalpheus to its host is a similar phenomenon. But it is 
less perfect because natural selection has not been brought into play 
to the same extent (if at all) as in Hippolytef whose seaweeds offer it a 
holdfast but not a complete refuge such as the crinoid affords. 

Generally, both members of a pair are similarly coloured. This is a 
phenomenon which may be explained in two different ways. Either 
mating takes place early, before the pigment pattern has been finaUy 
determined, and the same causes act equally on both, producing a 
similar pattern, or else there is assortative mating. Possibly the truth 
lies in a combination of both explanations. If so, the exceptions where 
mates are dissimilarly coloured are due to the breaking down of the rule 
of assortative mating or the existence of individuals which are not able 
to assimilate themselves to their background. 

With regard to the habits of S. hrucei^ it is usual to find the male and 
female lying side by side on the surface of the disc, but when distiurbed 
they take refuge between the pinnules or on the aboral surface of the 
arms. They thus move about quite freely, but they can guard against 
forcible detachment by digging the claws of the thoracic legs into the 
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soft flesh of the disc or by clasping the pinnules or arms of the crinoid. 
The chelse are less effective for maintaining a hold than the thoracic 
legs, but it is to be noticed that these can not be said to be specially 
modified for this purpose. They are provided with two sharp claws, 
but this provision is also made in cases where the alpheid has no such 
commensal habits. 

When removed from the crinoids they swim about very rapidly, but 
return as soon as possible to the shelter of the host, and cling to it as 
before. They exhibit reactions to light and touch in a very marked 
manner. Alpheids placed in a glass vessel always cluster together on 
the side of the vessel opposite from the light. Besides being n^atively 
heliotropic, they are strongly thigmotropic, for when the finger is 
introduced into the water it is instantly embraced by the thoracic legs 
of the alpheid. In the absence of any foreign object, the alpheids 
embrace one another, so that a number left together in a vessd soon 
look like a mass of swarming bees. 

There seems to be a limited faculty of colour change. One individual 
with wide stripes of pigment became lighter toward night, darker again 
at day. Unfortunately I did not make any extended observations on 
this point. 

Sjrnalpheiis conutnlamni (Haswell). (Plate 1, Fig. 1.) 



Alpheus c&mahUarum, Habwbix, Proc. Linn. Soo., N. S. Wales, vol. 6; Catalogue of the Australian 
Stalk and Sessile Eyed Crustacea, Australian Mub., pp. 189-M. 

This species was dredged in a few fathoms of water in Albany Passage, 
near Cape York, during the cruise of H. M. S. Alert. "They were 
invariably found clinging to the arms of a species of comatulid to which 
their markings gave them a general resemblance." It was also obtained 
during the voyage of the Challenger, in neighbouring waters and off 
Ceylon, by Professor Herdman. 

We did not find this form at Murray Island, but during a visit to 
the western Islands of Torres Straits, in the early days of November, I 
obtained it in 3 to 5 fathoms off the great reefs lying north of Mabuiag 
Island. With the greatest kindness, Mr. Walker, managing director 
of the Papuan Industries Co., Ltd., put the company's schooner Dogai 
at my disposal and, with three divers from Badu in addition to the 
ordinary crew, I spent a couple of days on the Mabuiag pearling groimds. 
For an hour or more at slack tide the most wonderful crinoids were to be 
collected by diving. The species so common at Miuray Island (Coman- 
thus an^n^tdatum) was the dominant form here, but represented by indi- 
viduals even larger and more splendid in colour than those inhabiting 
the reefs of the Murray Islands. 

S. comatvlarum is markedly larger than S. brucei and is stouter in 
general appearance. But the resemblance in colouration and habits is 
so close as to suggest specific identity until the peculiar form of the 
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little chela is noticed. It is this feature which distinguishes the type 
species from all the others included in the camatularuin group. The 
thumb is much longer than its unmovable fellow and forms a strong 
recurved hook, by means of which, Haswell remarked, it clung to the 
arm of the crinoid. The individuals taken on the Dogai were generally 
seated in pairs on the disc, like S. hrucei, but when slightly disturbed 
they immediately dug the hook of this chela into the flesh of the disc, 
from which it was only dislodged with difficulty ; or if the alpheid had 
left the surface of the disc, the chela was serviceable for clasping the 
arm of its host. But this instrument is only used for temporary attach- 
ment, nor is it usually embedded in the host when the animal is at rest. 
The wonderful similarity in colouring between the two species of 
SynalpheuB is noticed above. There is, however, one marked (Uff erence ; 
that is, the entrace of a white or yellow pigment into the colour scheme 
of S. canuUularum. A typical example of a light-coloured crinoid and 
its commensal may be briefly described here. 

The crinoid (C. annidahm) had a yellow-green disc, the arms were black 
with white tips, sometimes with a dash of nisty-red pigment, and the pinnules 
white, sometimes grey at the side. The underside of the arms was yellow- 
green and the cirri were white. Both the commensals were light coloured and 
harmonised to a considerable extent with the host. The female had five 
prominent lines of white pigment on the thorax alternating with brown lines; 
m the abdomen there was a median white line with a brown Une on each 
side, most of the median space being cdouriess and a non-pigmented eye 
being found on each pleuron. The male showed 6 lines of brownish-purple 
pigment on the thorax, all else being colourless, save for some dashes of white 
pigment. In this case the two partners differed slightly; the female showed 
well-developed white pigment and the other pigment was brown; in the male 
white pigment was almost absent and the pattern was formed by a purple- 
brown darker than in the female. 

PONTONIIDiB. 

Three prawns of this family, all new to science, were found to be 
characteristic members of the crinoid fauna. These are: Pantoniapsis 
camanlhi, Peridimenes pott9i and P. commensalis. They have all been 
examined by Mr. L. A. Borradaile and full diagnoses have appeared in 
his recent revision of the family. I will confine myself here to giving 
the details of their colouration and habits which were noted. 

This was found only at Mabuiag on the light-coloured varieties of 
Comanlhus anniUatum in which a great deal of green pigment had 
developed. In general this small crustacean (it is about 8 mm. long) 
exhibits a striking correspondence with its host. Alternate longitudinal 
stripes of bright green and black or dark brown occur on the dorsum, 
and these match with the crinoid cirri, in which green and yellow alter- 
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nate witii dark green or black. There also occurs anoth^ variety, in 
which the green pigment is replaced by yellow and the dark^ pigment 
by red or brown. In the specimen figured (pL 1, fig. 3), which is 
typical of the species, tha^ were three yellow stripes alternating witii 
two brown of equal breadth. The chela was yellow with a brown line. 
In this case, however, the commensal, living on a crinoid in which 
green predominated, was vay conq>icuous, and I suppose it to have 
developed its pigment in association with another crinmd of different 
colour type. 

PcridiflMMS p«Ctai Borradafle. 

This shrimp is comparatively conunon on the crinoids from the 
Murray Idand reef, but only one or two specimens were obtained at 
Mabuiag. It is a very transparent creature, and though the general 
colouration, a beautiful purple, harmonises with the host, there is no 
distinct arrangement in longitudinal stripes. The low power of the 
microscopes shows that there is a blue pigment contained in very nimi- 
erous small cells which are regulariy disposed over the body. Also 
evenly distributed, but much fewer in number, are cells containing red 
pigment. These may be spherical or branching. The gut is coloured 
red. The general effect is thus purple. 

PcrldlBieBeB eommenBaUs Borradafle. 

I did not, amongst the living specimens, distinguish this epecies from 
P. pottsi, so probably what has been said about the latter species also 
applies to the former. It may be noticed that these are not the only 
species of the genus Peridimenee to be found in association with crin- 
oids. Others are P. comutua, ceratophthalmus, and hrocketU, all found 
on crinoids from the Maldives, as noted by Professor J. Stanley Gardiner. 

Information about the surroundings of the animals so seldom accom- 
panies general collections that I fully eicpect a similar connection to 
exist in the case of many other species of this enormous genus. 

DECAPQDA ANOMURA. 

GALATHEIDiB. 

There are at least three species of galatheids commensal with crinoids 
in Torres Straits. These are: Galathea longiroatrta (»=(?. elegans), 
G. inflata sp. n., G. minuta sp. n. These are all small forms from 6 to 
15 mm. in carapace length and are dark coloured with longitudinal, 
pigment-free bands, a coloiur scheme corresponding almost exactly 
to that of the alpheids. They are not by any means found so com- 
monly as is SynalphetASj though G. longirostria is not infrequent. My 
observations do not lead me to suppose that the galatheids occur in 
pairs on each host, but the absence of evidence on this point may be 
due to the fact that they are inclined to leave the host whenever dis- 
tiurbed. There is no special modification for clinging to the crinoid 
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other than the spines on the dactyli ot the thoracic legs, but the ftnimi^la 
are thigmotropic and swim back immediately to the host when they 
have been detached. 

GalatheA elefans Adam aad White. (Plate 1, Fig. 5.) 

O. degonBt Adam aicd Whitb, Voyafe of the SamamtnO' 

O, UmgirotiriM, Dana. 

O. d^fUxiptmt, Haswsll, Proc. Linn. Soe. New South Walee, vol n; Mibsb, Zool. ColL H. M. S. 

Alert, 
O. ienotrotirM, Southwkll, Anomura, Cejrion Pearl Oyster Rep. Roy. Soo., part V, p. 220, 19M. 

In earlier literature there are only three records of the occurrence of 
galatheids on crinoids. The first is that of Dana, who originally 
described G. longirostris from a crinoid dredged at Fiji; the second is 
that of Haswelly who founded a new species G. deflexipous, associated 
with Synaipheus comatularuin on an unidentified crinoid. The third 
likewise concerns G. langirostris, which is mentioned by Southwell as 
obtained near Ceylon, clinging to Antedan bella. 

G. elegans Adam and White, G. langirostris Dana, and G. deflexipous 
are all very closely related. They all possess a long rostrum with from 
5 to 10 small lateral denticles, a veiy typical dorsal ornamentation, and 
have a similar colour scheme, with longitudinal stripes of pigment on 
the dorsum. The first-named species has not been noted as occurring 
on crinoids, but this may be the fault of the collectors. Balss, in 
describing a specimen from Japan, which he assigns with some doubt to 
G. elegans f says with regard to its occurrence: ^'Wahescheinlich an 
Comatuliden, wie es Haswell von der nahe verwandten G. deflexipous 
und Southwell von G. langirostris Dana angeben. Darauf weist die 
bunte Ffirbung hin, die wohl als eine mimetische su deutenist." Prob- 
ably the whole group of related species are crinoid dwellers. If not, it 
will be strange that so marked a pattern should occiu* on a free-living 
galatheid, when that is a character so definitely associated with crinoid 
commensalism, both here and in other groups. 

The tiu'ee species are principally defined with regard to the characters 
of the rostrum; thus: 

O, eUgant: G. hmoiroetrU: O, dt^UxipouM: 

Rostrum more than half the length of the Rostrum fully as Differs from eUgant only in 

rest of the earapaoe, "with 7 small den- long as half the the faot that the rostrum 

ticulatbns on eaoh side" (Haswell). earapaoe **mi* is entirely deflexed. 

But Balss gives the latter number as 9. nutely 5-6 semi- 

But most important of all. the original late.'* 
figure only shows 5 or 6. 

With regard to the third species Miers says: 

'In more than one of the specimens in the Museum collection the rostrum 
is slightly deflexed, and I thmk that O. deflexipous Haswell, from Albany 
Passage, should be regarded merely as a marked variety of G, elegans" 

In my own specimens the number of denticulations on each side is 
from 6 to 7; in one individual there were 6 on one side, 7 on the other. 
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There are also a number of cases in which the roatnun is deflexed. 
From the comparison here made and the facts stated I think there is 
Utile doubt that we are dealing with one very variable species. 

I have compared my collection with the full description given by 
Balsa of his specimen (the fullest description given of G. elegana) and 
find the following discrepancies: 

(1) In the third maxilliped the merus is armed with three prominent 

spines on the internal border in the Japanese form, in mine with 
only two; Henderaoa and Ortmann both describe G. ^ef/an» 
with two spines in this position. 

(2) In the ambulatory limbs the merus has a spinoee upper an^e accord- 

mg to Balss, but is smooth in the Torres Straits Kirms; the 
denticulation of the dactylus is weak in the formfer, but in the 
latter there is a powerful end ct&w, succeeded by prominent teeth 
only gradually decreasing in size. 




FiQ. 4.— GaJoUfo. 

A. B. tlttam, Ton«t Stnita, toatrum showins lat«nd teeth and amuigMiicnt 

of bain. X8. 

B. G. tntnute, third nuurillipod, showing spiDcs od menu (m). X 18. 

C. O. inflota, third muUliped. X 4. 

But in a variable species we might expect to find such differences. 
The Japanese form described by Balss is clearly a rather extreme mem- 
ber of the variable series, as shown by the fact that it has the highest 
number of denticulations on the rostrum recorded. The agreements 
between Balss's description and my specimens outweigh the differences. 

In conclusion, I give the following diagnosis, to embrace all the forms 
here discussed: 

0. degana: Rostrum rather more than half the length of the remainder of 
the carapace with from 5 to 9 small denticulations on each side; width about 
half the length; sometimes deflexed; carapace somewhat pear-shaped; about 
a doEen indentations on each side; surface traversed by many narrow hori- 
zontal furrows, from which spring thick lines of short fine hairs, though these 
may be absent or nearly so. The rostrum is covered with hairs rather longer 
than those on the carapace, arranged in distinct crescents posteriorly. Dor- 
sum and limbs covered with dark pigment, but there are generally pigment- 
free longitudinal bands of variable width. CheUe long and slender, cylin- 
drical in section, thicker in the male than the female, varying in length in 
the latter. 

Often, if not always, commensal with cnnoids. 
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Measurements of Torres Straits specimens (a female with eggs) : Length of 
carapace 11 mm.; maximnm breadth 6 mm.; length of rostrum 4.5 mm.; 
length of chela 15 mm. (of propodite 7 mm., carpopodite 2.5 mm., meropodite 
5 mm.) 

Another small male: Length of carapace 6 mm.; breadth 3.5 nmi.; length 
of rostrum 2.5 mm.; of chela, 9.5 mm. (propodite 4, carpopodite 1.5, meropo- 
dite 4). 

So far as I can find, there is no description of Galathea elegans White, 
but only the figure. From this, however, I think it is possible to assart 
its community with the other forms under discussion. Balss queries 
his Japanese individual because its chete are more slender and longer 
than those in White's drawing and because the width of the colour 
bands is different. In my Torres Straits collection., as I have repeatedly 
observed, the width of the bands is a variable featiu^, so the latter 
point need not trouble us. The discrepancy of the chete is likewise to 
be explained by variation and possibly, to a certain extent, by the 
draughtsman's error. 

I have taken the opportunity of comparing my series with a specimen 
obtained by Dr. Willey in New Britain and identified by Mr. L. A. 
Borradaile as G. elegans. This certainly differs distinctly from the 
conmiensal of Comanthus in the following particulars: It has a broader 
but rather shorter rostrum with more (9) lateral denticles. The eyes 
are larger, the transverse furrows on the dorsum not so well developed, 
hairs are almost absent on the greater part of the carapace but present 
on the rostrum. Here they are arranged in just the manner charac- 
teristic of the animals from the Torres Straits. This individual seems 
to come nearer to that described by Balss from Japan. 

Galathea InflaU sp. a. (Plate 1, Fig. 7.) 

A small galatheid with rather broad and swollen carapace narrowing con- 
siderably anteriorly; rostrum of medium length with 3 sharp spines on each 
side; carapace with very few hairs, gastric region without spines, anterior 
transverse ridges broken up and surface covered with scales. Merus of third 
maxilliped with 3 spines internally, 2 externally. Merus of ambulatory limbs 
with about 9 spines on upper border. 

Commensal with crinoids, Murray Island, Torres Straits. 

With eggs, length of carapace to tip of middle spine on rostrum, 7 mm.; 
breadth 5 mm.; length of rostrum 2.5 mm. 

The carapace is traversed by only 7 or 8 traverse grooves, but posteriorly 
incipient grooves make their appearance between the complete ones at the 
lateral extremities of the segments. The cervical groove is deep and con- 
tinuous; on each side of it the traverse ridges are broken up into prominent 
scales. The external border of the cephalothorax has about 7 strong spines 
on each side. 

The rostrum is broad and of medium length. The central spine is long and 
stout; on each side are two others, almost as well developed, and a third at 
the level of the eye which is shorter and weaker. The surface is covered with 
small scales. 
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The basal joint of the first antenna is provided with 3 spines, the dorsal of 
which is longer and stronger. 

On the menis of the third maxilliped there are internally 3 spines, the middle 
one being the shortest; externally are 2 very blunt spines; the teeth on the 
inner bo^er of the ischiopodite are small and numerous. 

The chelse are missing in this specimen. The ambulatory limbs are rather 
thickly beset with long coarse hairs; spines on the merus not very well devd- 
oped, but spines on the carpus very prominent. Dactylopodite with strong 
spine after end claw, others small. 

Colouration: Dark-blue pigment on carapace, with two fairly broad longi- 
tudinal pigment-free bands. 

On Comanthus annvlaium were a few very smiall galatheids, white in 
colour, with rather thin and membranous cuticle. Two which were 
examined in detail were females with ^gs and could not have moulted 
very recently. In these the form of the rostrum comes very close to 
G. inflata. It is short and broad, armed with 4 spines on each side, of 
which the 3 anterior are prominent, almost as large as the median spine, 
and the fourth is much smaller. They differ from G. ivflata mainly in 
the fact that the median spine is the same size as those which foUow 
instead of being distinctly larger. The rostnqn is covered by coarse 
hairs. The carapace is traversed by transverse grooves, but in one 
specimen (the larger) these are broken up at the side into roimded 
scales, while in the other the lines run interruptedly across. The cara- 
pace is not pear-shaped, as in G. inflaia. In another point the two 
individuals differ considerably, that is, the development of the third 
maxilliped, which in the larger form possesses 2 spines on the inner side 
of the merus and some very small blunt processes on the outer border. 
In the smaUer form (which was parasitised by a bopyrid) there is only 
a single spine on the inside, while the outside is smooth. 

It seems possible that we are dealing with a variable species or 
possibly a group of species which has the rostrum character described 
above, while the carapace shape and to a certain extent its ornamenta- 
tion varies with the size of the individual. The character of the third 
maxiUiped is also variable, the number of spines on the merus increasing 
with age. 

With regard to the strong development of pigment in one and its 
non-appearance in others, in spite of the fact that all were found on 
crinoids, I can m^ke no suggestion of any importance. It may be that 
in a variable species some individuals are incapable of an assumption 
of pigment. It is not to be supposed, I think, that these unpigmented 
individuals had but recently taken up their residence in the crinoids, 
for they were mature females with eggs. However, I can not pretend 
to explain, on the strength of only three specimens collected, a phenom- 
enon which is of so much biological interest. 

For the present, then, I wish to recognize an 'SnjZoto" group, distin- 
guished by the short, broad rostrum with 3 or 4 spines on each side (of 
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which the last is the smallest) and the absence of spinube on the gastric 
r^on. They di£fer from mtUtUineata in having a shorter rostrum and 
longer spines and in the far less marked sculpturing on the carapace. 

GaUlhea ninsU sp. a. (Plate 1, Fig. 6.) 

A very small galatheid, with short and broad rostrum, 3 sharp spines on 
each side; gastric region without spines, carapace with few hairs, traversed by 
about 12 shallow transverse grooves; chelse short; merus of third maxilliped 
with 2 strong spines intemaUy, one externally. 

From Comanthtts annukUtmi, obtained in about 4 fathoms of water off 
Mabuiag Island, Torres Straits, Australia. 

Measurements : Length of cephalothorax to tip of rostrum 4.5 mm. Length 
of chela 6.2 mm., of propodite 2.7 mm. Breadth of cephalothorax 3 mm. 
Length of carpopodite 1.0 mm., of meropodite 2.5 cm. 

The carapace is of fairly uniform breadth, narrowing slightly and gradually 
anteriorly. Its surface is smooth, traversed by only about 12 shallow grooves, 
in which lie scanty rows of short hairs. There are no spines on the gastric 
region, but prominent spines (8 in number) exist at the end of the transverse 
grooves. 

The rostrum is rather short and broad. The central spine is very strong 
and elongated and on each side of it are 3 prominent spines with their bases 
dose together and advanced, also strong and elongated. The surface is smooth. 

The basal joint of the first antenna carries 3 anteriorly directed spines; the 
dorsal one is long, the two ventral smaller and more slender. 

The merus of the third maxilliped carries 2 large spines internally and one, 
rather shorter, extemaUy followed by small spinuke. The teeth on the int«*nal 
border cd the ischiopodite are comparatively few and strong. 

Abdomen with two transverse lines to each segment. 

Chelse short, about half as long agidn as the cephalothorax, beset with long, 
coarse, scatteied hairs and strong spines on the propodite, carpopodite, and 
meropodite, especially the carpopcNdite. Dactylopodite little more than a third 
of the propodite in length. 

Merus of ambulatory legs b€»et on upper angle with about 10 spines, very 
small proximally, prominent distally. Dactylopodite with strong end claw 
and one prominent spine succeeded by minute processes. 

CciouraHon: Alternate longitudinal stripes of white and dark blue, as 
shown in plate, of about equal breadth. On a light-coloured individual of 
Comanthus annuUUum. 

AMPHIPODA. 

A tiny amphipod which occurred very often on the darker crinoids is 
apparently to be referred to the family AmphUochidcf, a new genus of 
which must be established for its reception. 

CYCLOTELSON c«a. n. 

Rostrum curved, acuminate, lateral angles of head rounded. Side plate 1 
not much smaller than 2, rounded, obscured by those succeeding it; 2 to 4 
large and deep, 2 and 3 rounded, 4 largest, quadrangular shape (also 5) as in 
AmphHochtu. Antenna 1 very short and stout, flagellum particularly so. 
No accessory flagellum, upper lip bUobed, lower lip with smedl inner lobes. 
Mandible with very narrow denticulate cutting edge, molar process absent, 
third joint of palp very long. Maxilla 1, inner plate absent, outer plate with 
8 or 9 spines, the proximal much the largest and forming dentate process 
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pointing inwards; palp very broad, 2-jointed. Maxilla 2 nonnal. MaxUliped 
inner plate elongate, palp rather long. Gnathopods 1 and 2 eimilar, neariy 
the same axe, subchelate, palm not ho long aa in AmphUodiaa, broad, distal 
edge rather oblique, broadest part of palm, finger with sharp spine mider apex. 
Peroopods 1 to 5 slender, 3 to 5 with second joint expanded. Telson com- 
paratively broad with rounded termination. Lateral tmgles of last abdominal 
segment as long as telson itself. 




A. Whole animal, Istonl v 

B. Atit«m» 1. X.S2. 

C. Upper lip. X225. 

D. Lower lip (half)- X226. 
B. Mandible. X130. 

F. MaiillA 1. X130. 
a. Maxilla S. X 130. 
H. MaiilUpcd. X52. 
/. Gnathnpod 1. X92. 



Fio. &. — Cvdo(«bon purjnimim gea. et ap, dov. 



K. Gnathopod 2. 

L. Gnatiiopod 2: Rngcr and anterior edge of palm. 

X225. 
JU, Side plate 4 with first joint of peneopod 2. (Lat- 
eral pUte dotted.) X30. 

N. Peneopod*. X30. 

O. Telann and lateral angltn o( laitt alidomiiul seg- 
ment. X130. 



CydotdMii piirpiir«*in Bp. n. 

Side plat«8 vary in serration of lower and posterior mai^ns: 1 with sin^ 
serration, 2 with about 10, 3 and 4 with many. Antenna 1 six-jointed with 
very few sensory sets, no appreciable difference between male and female. 
Antenna 2 incomplete in specimens examined, but from width of basal joints 
seems to be distinctly larger than 1. Outer lobe of lower lip with fringe si- 
set* and an inwardly directed spine. Mandible with third joint of palp dot 
tinctly longer than 1 and 2 combined, no setse on palp; three small spinules 
under incisor process. Gnathopods 1 and 2, sixth joint widens gradually of 
form a convex palm with slightly oblique anterior edge; finger stout, equal in 
length to front edge of palm, minute serrations behind subapical spine; fiith 
joint produced to about middle of the palm, process broad; second point pro- 
duced slightly. Telson width more than ballF length, apex rather rounded. 

Colour, purple on dorsum. Lives on crinoids. Comanihus annvlaium, 
Murray Islant^, Torres Straits. 
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ISOPODA. 

CIrolanA UncaU sp. n. (Plate 1, Fig. 4.) 

This species comes under the second section of the genus as divided 
by Hansen,* in which are included all species with the following 
characters: 

"Lamina frontalis inermis, lata brevis, pentagona (varius fere hexagona), 
vix dimidio longior quam latior. 

"Clypeus inermisy non comutus, ante perspicue cum lamina frontali oon- 
junctus. 

"Antennulae pedunculo obscure triarticulato (primo visu biarticulato) 
flagello semper satis gracili.t 

"Pedes onmes setis perpaucis vel nullis instructis." 








Fio. 6. — CiroUma lineata sp. n. 
For whole animal see plate 1, fis. 4. All figures except E are of the female. 



A. Antemue and frontal lamina.t 

B. MazilUped. X38. 

e. Sixth thoracic leg. X18. 
D, Seventh thoracic leg. X 18. 



B. Second pleopod of male, showing appendix mas- 

culina. X18. 
F. Telson and uropods. X 18. 



Diagnosis: A small cirolanid, body ovate (female), rather more than twice 
as long as broad. Measurements, female 6 mm. in length, 2.5 mm. in breadth; 
male 4.7 mm. in length, 1.5 mm. in breadth. Occurs on crinoids, generally 
Comanihus annulaium^ in Torres Straits. Colour white except, for branding 
chromatophores carrying a purple pigment and arranged in two lateral stripes 
and a fainter median line. 

Head wider than long, anterior margin rounded. Eyes of medium size. 
First antenna stout, first joint of peduncle large, second a little smaller, and 

^Hansen: Cirolanids et familiae nonnull» propinqus Musei Hauniensis. Kjobenhavn. 1890. 
Seep. 336. 

fBut I take exception to the definition of the peduncle as alwa)^ so obscurely triarticulate; and 
the condition of the pedimde in my species seems to resemble that in C. porta established by 
Hansen, which from the figure is clearly triarticulaie. 

|The duties of the author as an oflBcer in the British Army, prevented hia attention to this 
paper as it was going through the press, and figure A was unobtainable. 
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third much smaller; flagellum composed of about 8 joints. Second antenna 
more slender than the first but not very much longer; in the peduncle the first 
two joints are very small and equal; the third is as long as the first two 
together, the fourth longer still, and the fifth about as long as the third; the 
fl£^elliun is composed of 7 joints and extends very little beyond the Lateral 
margin of the first s^ment. The frontal lamina is pentagonal, scarcely twice 
as long as broad. 

Maiilliped second joint much longer than those succeeding, which are very 
broad. First thoracic segment nearly twice as long as the second; the pos- 
terior six segments vary slightly among themselves. Appendages robust, all 
joints broad, with few setse. 

First segment of abdomen quite hidden below last thoracic. Telson forms 
an equilateral triangle, ending in a sharp apex with 16 to 18 spines on the pos- 
terior margin, surface smooth. Inner ramus of uropod extends a little further 
than the telson, is narrow and ends in a sharp apex; both maigins are fur- 
nished with spines; outer ramus about the same length, but stm narrower; 
p^uncle not produced far posteriorly on inside. 

Appendix masculina slender, much longer than inner ramus of second uro- 
pod, apex rounded. 

This species is very distinct. It is separated from all others by the 
insignificant length of the second antenna, and also, so far as I can find 
from the published descriptions, by the character of the colour mark- 
ings. The shape of the telson and especially of the uropods is also very 
distinctive. 

All the members of the Cirolaninffi to which this species belongs 
are predatory and swim about very actively. Cvrolana lineata is far 
from being as sedentary as Synalpheua, which, while very energetic at 
times, rests for long periods on the disc of the crinoid. While the isopod 
may make busy excursions onto the surface of CamanthtASj it is often to 
be seen diving into the gut of the host, where it apparently spends a 
large part of its time. It does not feed, so far as I know, on the tissues 
of the crinoid itself, but only on the food it finds in the stomach. 

It must be this or a very closely related form which Haswell refers to 
as collected from a crinoid in Torres Straits associated with Sytudpheus 
comatularum and Galalhea deflextpatASf but no identification of his isopod 
seems to have been made. 

This case of conmiensalism is interesting because of the faint but 
significant response to the colour stimuli of the crinoid. In nearly all 
the species of this genus, where the colouration is noted at all, the chro- 
matophores appear to be distributed over the surface so as to form a 
series of evenly spaced dots or dashes of pigment. The concentration 
of these into lines and the development of a purplish pigment seem 
to be the first effects of the conmiensalism. The insignificant quanti- 
tative development of the pigment is probably associated with the very 
active life of the isopod and its frequent immersion in the gut of the 
host, rather than to any incapacity of the isopod to assume the colours 
of the environment. 
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ECHINODERMS. 

The only echinodenns which were found associated with the criuoids 
were ophiurans, and of these only one genus (Ophiomaza) is charac- 
temtically commensal. A small species of Ophiactis, which seems 
to be as yet undescribed, and a young Ophiocoma, too small for accu- 
rate determination, were found on ComatUhus annulaium, but it was 
not poesibte to determine whether this association was anything more 
than accidental. But of Opkiomaea a sufficient number of specimens 
was found to show that that genus is normally commensal. All the 
individuals taken were on comatulids; none were seen elsewhere. On 
Comanthus annuZatum were found specimens of Ophiomaza cacaoHea, 
uniformly black (or very deep purple or brown) ; 0. caeaotica var. pieta, 
prettily marked with black and white; and 0. obscura, brown, hand- 
somely marked with dull yellow. In all these cases, a certain amount 
of correlation between the colour of the ophiuran and the colour of the 
host was obvious. But on a bright red Comatula purpurea was found 
a small black specimen of O. caeaotica, and of course the colour contrast 
was very striking. However, Ophiomaza was much too rare to permit 
any reliable deductions to be drawn concerning the influence of com- 
mensaUam on the colouration. 

POLYCHiETA 
Poljnoe minoU Potti var. •ciUte tw. n. 

This polychffite, which I found rather frequently on the darker vari- 
eties of Comanthus annulaium, undoubtedly comes nearest to Polynoef 
minvta, which I described in 1910 from specimens collected by Professor 
J. Stanley Gardiner in the Maldives.* It was not stated that this form 




Pio. 7. — f alynof ntinuta PotU vu. octJola var. o. 

A. H<«d Mid aoUfioc part of donum to dkow colour patten; niediaii («iil*ele, 

tantaeulai curi, and donal diri all wuitiiis. X8. 

B. BetK- a, donal; b-t, veotrsl. 

C. Parapodium ot aith aecmcDt. X6S. 
ReferenoM in t«it: A.B. C. XISS; D, E. X280. 

occurred upon crinoids, although the labels of the various specimens of 
P. crinoidieola, in the same collection, gave quite definite information 
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of such an association in this latter case. As we do not know whether 
the original species is a commensal of crinoids, and in view of certain 
morphological discrepancies, I describe the Torres Straits form as a 
new variety. 

The two cotypes of P. minvta were incomplete individuals and on 
this account the generic ascription was queried. In the series under 
consideration there are three complete individuals, each having 15 pairs 
of elytra. There is no reason why this species should not be definitely 
assigned to the genus Polynoi, though there is good reason for under- 
taking a revision of this and Idndred genera. 

The characters which separate the Torres Straits form from the 
original species are as follows: 

(1) The head is provided with two pairs of very distinct eyes, the one placed 
latendly near the posterior ang^e, the other on the posterior border. The head 
is covered with dark pi^ent, but there is a pigment-free ring round the pos- 
teri(M* eyes (the depression separating the two lobes of the head is free also). 
In the Maldivian individuals there were no signs of eyes. ^ 

(2) The lateral tentacles have a much swollen base — in the type species 
they are thin throughout. The lateral anterior angles are rounded instead of 
slightly pointed. The palps are rather longer in proportion to the size of the 
animal. 

There are a number of additional points, some of which could not be 
mentioned in the original account, which are treated below: 

Colouration: The dorsum, with the exception of 2 longitudinal pigment-free 
bands, is covered by dark brown pigment, not soluble in 70 per cent alcohol. 
The markings are ludden by the elytra, which are uniformly pigmented. 

Shape: In smaller specimens tapering rather abruptly, in a larger one of 
uniform breadth up to end. 

Number of elytra: Fifteen. They cover almost the entire dorsum. 

Setse of neuropodium: These fidl into the following categories: (1) Very 
long and slender, long drawn-out head slightly enlar^, ending in a blunt 
apex with a projecting tooth of almost equal siae underneath (t3rpe B). 
(2) Thicker, head more pronounced, sharp incurved apex with prominent 
tooth underneath; one or two of the dorsalmost often have prominent spines 
on the convex surface of the head (C). Ventndly, however, spines are never 
present (D) and they pass into (3) a still stouter type with shorter head, apex 
still more incurved, tooth not so prominent (and in the ventralmost altogether 
absent (E)). 

This succession of setse is almost identical with that in P. miniUa, as I find 
on comparison with the type specimens, which I did not describe with suflScient 
fulness in 1910. Setse of type 1 occur there, though they were not mentioned 
or described; the other types were given, and the only difference is the absence 
of setse with a very definite row of spines in P. miniUa, 

Measurements: Those of three complete individuals are given: 



Specimen. 


Length. 


Breadth. 

includinff 

parapodia. 


No. of 
segments. 


A 

B 

C 


flWlm 

10 • 
8 
6 


2 

1.76 

1.5 


50 
39 
33 
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In conduaon, this species is quite distinct from, though related to, 
Polynee crinaidicola, a species found on various unnamed crinoids in 
the Maldives by Professor Gardiner and described by me in 1910. The 
differences lie in the shape of the head and the tentacles and in the neu- 
ropodial sets, but the general facies and the character of the elytra and 
the shape of the parapodia and of the dorsal sets are similar. The 
specimens of crinoidicola are spoken of in one case as coming from a 
black crinoid and being themselves black when alive, though the pig- 
ment has dissdived out in alcohol. In other cases where the colour of 
the live animal and the host were not stated, the specimens were dark 
red. It seems certain, then, that the same type of colour resemblance 
occurs in the two species. In Torres Straits, too, I found the com- 
mensals always of a dark, almost black appearance and frequenting 
dark-coloured crinoids. They must, I think, be absent or rare on the 
lighter coloured hosts. 

The only other reference of which I have knowledge to conunensalism 
between a polychtete (?) and a crinoid is in Alcock's ''A Naturalist in 
Indian Seas,'' p. 113, where he mentions a '' sea-lily {Actinametra) 
striped in alternate bands of yellow and purple, on whose fronds simi- 
larly striped crustaceans live without fear of detection;" which in some 
places also gives '' secure shelter to seaworms, banded yellow and 
purple like itself." This indicates a much wider range of pigmentation 
than in the present case. The banding is probably longitudinal, as in 
all other cases of conunensalism. 

THE COLOURATION OF THE MYZOSTOMIDS AND ITS RELATION TO 

THAT OF THEIR HOSTS. 

From time to time remarks have been made on this subject. Semper* 
relates that he foimd his M. tuberculo^um, which is spotted with red and 
yellow, only on variegated Comatulas, while the uniformly coloured 
M. cirriferum is found only on the red Comatulas, which it matches in 
colour. Von Graff,t however, remarks that though Af . glabrum has a 
number of pronounced colour varieties, and the host CanuUtUa europcea 
8. mediterranea varies within the same limits and almost with the iden- 
tical shades of colour, yet his experience leads him to deny that any 
such definite mimicry relation exists between crinoid and myzostomid. 
A special investigation of over 200 comatulids showed that blackish, 
yellow and white myzostomids were just as frequently to be found on 
red Comatulids as blood-red myzostomids on variegated comatulids, 
and that the two kinds specially mentioned by Semper are uniformly 
distributed on the different colour varieties of the crinoid. 

^Samper, Zur Anatomie und Entwiokelungagetohiohte d«r Oattuog MyKMtoma. Zeito. f . wiM. 
Zool. Bd. IX, pp. 48^^, 1S58. 
fvoD OnM, Dm Qaottt Myiottoiiuu p. 77, Leipalc 1877. 
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Von Graff quotes, however, a passage from a letter written by von 
Willemoes 8uhm,* showing that myzostomids may correq)ond perfectly 
with their host in colour pattern. The case mentioned is that of 
Myzostoma horologium v. Graff on crinoids which were probably Conwr 
tula rotalaria and Comatula Solaris. The passage runs as follows: 

''In der Arafura-See habe ich im vorigen Jahre einmal 80 Ebcemplare einer 
grossen Comatula untersucht und fand circa auf jeder sehnten unsere 
Schmarotzer. . . . Alle dieser Myzostomen waren, wie die Comatula, weiss und 
schwars gefleckt, und die ubrigen zahlreichen Schmarotzer des Thieres zeigten 
dieselbe FILrbung/' 

The myzostomids found on the crinoids of Murray Island were very 
numerous and belonged to several different species. Dr. C. L. Boulenger, 
of Birmingham University, has been kind enough to undertake their 
identification. They are in many cases very brightly coloured and 
have pronounced colour patterns. Generally speaking, there are two 
tjrpes of pattern. In the first concentric rings of bright and dark 
pigment alternate. In the second the dorsal surface is ornamented 
with radiating ridges, and these are usually free from pigment or very 
light coloured. The ridges are thrown into relief by an edging of a 
dark pigment (e. g., purple or black) ; the general ground colour between 
the ridges as a rule approaches that of the crinoid on which the parasite 
was found. One of these forms was very common on the dark green 
or black varieties of Conumthus annulaium. The alternate black and 
non-pigmented rings are in vivid contrast, but the myzostomid is thin 
and the non-pigmented parts are so transparent as to be inconspicuous 
against the dark ground of the host. This species seems to occur only 
on the darker crinoids. In another species the same arrangement is 
found, but much lighter hues prevail, green pigment alternating with 
very light brown. The colours of the host were, unfortunately, not 
noted. 

When the host is very light coloured the alternation of darker rings 
does not occur. On a green variety of C. anntUaium a specimen of 
Myzostma was foimd which match^ it perfectly. The greater part 
of the body was bright green, but a few white spots represented a broken 
ring of a lighter colour; the edge was relieved by dashes of black pig- 
ment, while the cirri were brownish. A very magnificent example of 
the second tjrpe of colouration was secured on October 24, 1913, on a 
green form of C. anntdatum. It resembled its host closely and was 
comparatively inconspicuous. The general colour was a bright green; 
the ridges appeared greenish white, darker at the edges owing to the 
addition of a granular pigment, and roimd each there was an intense 
black line. An allied form was found on darker crinoids; there the 
ridges were white or yellow surrounded by a darker line (in one case 

*von Willemoes Suhm, Zeits. f. wiss. Zool. Bd. zxyi. 1876. 
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purple) and the ground colour was brown. Lastly, in one or two forms 
almost the whole upper surface may be covered by a dark pigment. 
Thus, is one specimen, the dorsum was a dark green, only relieved by 
a white line down the middle, while in another, the dorsum was pur- 
ple. These occurred on dark crinoids. 

On the whole, then, the myzostomids showed a great colour resem- 
blance to their hosts, though (as in the preceding cases) striking excep- 
tions occurred and, even when the colour schemes harmonised, pro- 
tection from human sight at least was not always secured. 

GASTEROPODA. 

Two or three very small gasteropods, apparently parasitic, were 
found on the crinoids. While one or two were colourless, one individual 
(which occurred upon a very handsome crinoid striped red-brown and 
yellow) was very similar in colouring to its host. The shell was per- 
fectly transparent, but the body was red-brown, with distinct yellow 
spots. Mr. G. C. Robson, of the British Museum, has kindly under- 
taken the description of this individual. 
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SUMMARY. 



The object of this paper is to point out that of the large number of 
species belonging to many phyla which habitually shelter amongst the 
branches of the crinoids of tropical reef s, by far the greater proportion 
exhibit colour resemblance to the host. As the coloiur scheme of the 
host is often extremely variable (e. g.^ Comardhus armvlaium)^ that of 
the commensal, in some cases at least, varies too, but some commensals 
seem to be restricted in their response to the stimulus which causes this 
colour resemblance. Thus among the Crustacea, in Synalpheua all 
stages of variation are met with, according to the individual inhabited, 
between a pale form with very narrow stripes of pigment, to an extreme 
form totally covered with dark pigment; while in Cirolana, on the 
other hand, the individuals associated with even the darkest crinoids 
possess only insignificant lines of pigment on the otherwise totally 
white body. In the latter case there is, then, no protective resem- 
blance, although we witness the incipient stages of its establishment. 
Other forms like the polychset, the amphipod, and the brittle-star, 
Ophiomazaf give rise to dark varieties only and occur upon dark-green 
crinoids. 

The following represents in a tabular form the results of the obser- 
vations: 



CommeiiBal. 


Pigments developed. 


Host and colour variety of host. 


Sffnolj^i6u$ bfueei 


Purole-black 


All colour varieties of Coman- 

thus annulatum and some 

other erindds. 
Comatula purpurea. 
All colour varieties of Coman- 

thus annulatum and some 

other crinoids. 
All colour varieties of Coman- 

thus annulatum and some 

other crinoids. 
Dark varieties of C. annulatum. 
liight (green or yellow) van- 

eties of C. annulatum. 
Dark varieties of C. annulatum. 
Dark varieties of C. annulatum 

(one exception). 
Dark varieties of C. annulatum. 
Dark varieties of C. annulatiun. 

Dark varieties of C. annulatum . 


Svnoli^ieuM hrucci 


Red 


S. eomatulaTum. . 


Brownish purple, purple 
and white. 

Red or purple in faint 
thin lines, rest white. 

All purple 


Cirolctfui linMta 


CiidoUiton tnirvureufn 


Ponionioptit eomarUhi 


Bright green and black or 
yellow and red-brown. 

Red and blue-purple 

Dark purple, brown or 
black. 

Black and white 


Ptrieiimtnes sdd 


Ophionuua cocooHca 


* 

Ophtomata caeaolica var. pieto. . . 
OphiofiuuQ obtcum 


Dark brown and dull 

ydlow. 
Dark brown or black 


Polynoi minuUi 





«, ajr*; A., nuUl ebda with iU uteurved thumb. X3. Only aA_ 
of 3. ramuhilanmi mud uotlier o( 5. bmeti U Gcured. no do idaa of tbe variktiiHi ii 
«it«nt of pivmotatioa i* (bawii, but only tbe type of arnuigenMnt. But both tbe 
type and vaiialiMi are alike in tbe two epaciee, that of S. bnteei having »tb«r deeper 
picnMntatioD, tbe bandi betnc wid« and the lateral unjasiDealad anaa in tbe ab- 
dominal ngmenta bring ooitipM«ly euretoped by picmait. 

Fki. 3. Pamlomoptit eomaiiAi. X6. Flo. 4. Cirelow liiMola. X7. 

Fio. S. GWaJHo dbpoiu. X'*. Tia. t. O. mimt». X5. Fta.7. G.inJIala. Xtt. 
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THE COMATULIDS OF TORRES STRAIT: WITH SPECUL 
REFERENCE TO THEIR HABITS AND REACTIONS. 



Bt Hubbbt Ltman Clark. 



INTRODUCTION. 

In a paper on Recent crinoids, published a few years since,* our 
present generally acknowledged authority on that difficult group 
hazarded the opinion that '^crinoids, as a class, are probably the most 
strictly sessile of all marine organisms/' and further on he refers to 
them as ''practically sessile organisms" as contrasted with star-fishes, 
brittle-stars, and sea-urchins. My own acquaintance with living 
crinoids was at that time confined to superficial observations on the 
European species of Antedan shown in the aquaria at Port Erin, Isle 
of Man, and at Naples, but I had carried away with me from those 
places the impression that comatulids are quite active animals, good 
swimmers, and anything but ''sessile." When, therefore, I found 
myself a member of the party sent by the Cam^e Institution of 
Washington to Torres Strait, I determined, if littoral crinoids proved 
easily obtainable, to devote particular attention to their habits and 
reactions. My desire to do this was increased by the fact that in the 
paper to which I have referred, Mr. Clark makes statraaents with 
reference to food habits, bathymetrical distribution, size, and color of 
Recent crinoids, which seem to be based on assumptions rather than on 
observations, and from which he draws some far-reaching conclusions. 
It seined clear that actual observations made on living crinoids, both 
in aquaria and under natural conditions on the reef, could not fail to 
be of interest and value. 

It was fortunate, for the purposes of my investigations, that Dr. 
Mayer determined to establi^ our laboratory on Maer, the largest of 
the Murray Islands, at the northern end of the Great Barrier Reef, 
for comatulids of many different species and genera occur there and at 
least half a dozen kinds are common near low-water mark. * It was 
therefore possible to make many observations from which certain deduc- 
tions seem to be permissible. This report embodies those observations 
and deductions and necessarily includes some criticisms of Mr. A. H. 
Clark's assumptions. I hope, however, that these criticisms of his 
paper will not appear captious or irrelevant, since thqr are offered only 



«The ReeeDiCrinoklt and their R«Utk>ii to Scmand LmkI (Austin Hobart Clark, Geofraphical 
Journal, London, Deeonber liN)6, pp. Wl-Wl). Thii paper, eioept for its introduetory para- 
graphs, is virtually a reprint, under another title, ol the paper by the same author, in the American 
Naturalist for Norember 1906, entitled "Some Points in the Boology of Reeent Crinoids.' 
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with the desire of preventing erroneous assumptions from being re- 
ceived as proven facts. 

For the leave of absence which made my studies possible, it gives 
me pleasure to thank the authorities of the Museum of Comparative 
Zoology, while I also desire to express my obligations to my colleagues 
at the laboratory for much kindly assistance. Each member of the 
party made me his debtor, and I am glad to take this opportimity of 
thanking them for the help given in many different ways. 

In order to give some idea of the richness of the comatulid fauna of 
Torres Strait, it seems desirable to give a list of the species collected. 
This list includes a number of hitherto undescribed species and must 
ther^ore include descriptions of them. The paper is accordingly 
divided into two parts, the first dealing with the comatulids from the 
systematic point of view and the second discussing their habits and 
reactions. 



PART I. 

THE CX>MATULIDS OF TORRES STRAIT. 

The following list makes no pretensions to being complete, for it 
includes only the species collected by me in September and October 
1913. All but three specimens were collected at Maer. The three 
exceptions, each representing a species, were taken on the sandy reef- 
flat on the southern side of Friday Island, September 13, 1913. The 
nomenclature and systematic arrangement here used (except in two or 
three insignificant details) are those of A. H. Clark's '' Recent Crinoids 
of Australia" (Mem. Aust. Mus., iv, pt. 15, 1911) and later papers 
by the same author. 

1. CapiUastor nraltlnitfaU (L.). 

A single specimen of this species was collected at Ma£r, just outside the reef, 
in about 5 or 6 fathoms of water. It was one of the very few specimens 
secured by means of a ** tangle." The color in life was as follows : oral surface, 
black; dorsal surface, brown, the joints between the arm-segments much 
darker; whole dorsal siuface, including the cirri, heavily silvered or frosted 
with white. The preserved specimen, diy, is light gray, the joints noticeably 
darker. There are 19 arms and the cirri are xxi, 20-24. 

2. ComatdU algni (P. H. C). 

Two specimens of this species, well known from the East Indian region but 
not previously recorded from Australia, were taken on the outer portion of 
the southwestern reef-flat at Ma6r. 

a. CMuldU stdlliera (P. H. C). 

This species is very common at Ma6r, especially on the southwestern reef* 
flat. 

4. CMMldla MaodaU (P. H. C). 

Common on both the southeastern and southwestern reef-flats at Ma6r, on 
the under surface of rock-fragments. 

5. Caauitala pactiaata (L.). 

Decidedly uncommon at Mb^t, but several specimens were taken with the 
following species. A single specimen was also taken on the sandy flat south 
of Friday Island. 

C CanaMa pwfWMi (J. MOUer). 

Exoeedin^y common everjrwhere on the reefs about Ma6r. Very variable 
in color and site. 

7. Canaatlraa ahenwM (P. H. C). 

A sin^e specimen was collected by the diver, in 18 fathoms, outside the 
western reef-flat at Ma6r. 

8. Canaatlraa acyagaUi (P. H. C). 

Two specimens were taken by the diver, in 18 fathoms, outside the western 
reef-flat at Ma6r, and one specimen was found on the Great Barrier Reef itself 
on October 15. 

9. CaiathM awMrialu (Bdl). 

Exoeedin^y common at Ma6r; also taken on the flat south of Friday Island. 
Extraordinarily variable in coloration, ranging from lemon-yellow and brown 
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to almost unifonnly dead black, with bewildering diversity. One fonn is so 
sharply set off from the others that it is entitled to designation by varietal 
name and may be called var. zanthum. In it the dorsal surface is deep canary- 
yellow, while the pinnules are bright red. Only three specimens were found, 
aU near the edge of the reef. Except for color, the specimens are not peculiar. 
Unfortunately the colors are very furtive in alcohol. 

10* CoaaathuB calllpepImB sp. nov. (xoXXinvXof ■* beautifully robed). 

Centrodorsal moderate, flat, 5 mm. in diameter. Cirri vm, 15, about 
7 nmi. long. In addition to these rudimentary cirri, the margin of the centro- 
dorsal has 10 large cirrus sockets. The small cirri taper to a slender tip. 

I Br and II Br series in dose contact with the adjoining series of the same 
rank on either side, their dorsal surface smooth and nearly flat. Arms 78, 
about 90 mm. long and with iHPPi*o™^<^tely 100 brachials. II Br series 
usually 4 (3-f-4), but occasionally only 2. Ill Br series generally 2, but in one 
arm 3 and in two arms 4 (3+4). IV Br series 4 (3-f-4), except one arm which 
has 2. V Br series 4 (3-f-4). Sysyg^es between brachials 3 and 4, and 8 
and 9, and then at intervals of three or four brachials. Outer brachials 
more or less overlapping with finely serrate distal margins. Lower pinnules 
on brachials rather short with 14 to 16 s^ments; distal pinnules notably longer 
and more slender, but with the same number of segments. Oral pinnules 
with 35 to 40 joints, but only the terminal fifth make up the comb. General 
color, dorsally dark ^p'een, with joints and some small spots greenish-yellow; 
sides of arms, includmg pinnules (and distally much of their dorsal surface), 
yellowish-white ; centrondorsal, partly white ; cirri, yellow ; tips of pinnules, usu- 
ally rusty-red. Oral surface, veiy deurk, but finely mottled with yellow-green. 
Colors little altered by preservation in alcohol. 

This superb comatulid was found among madrepore corals near the outer 
edge of the southwest reef-flat at Ma6r. Only a single specimen was seen. 
Although nearly related to C. briareus (Bell), it is distinguishable by the 
presence of cirri, the great breadth of the II Br series, the absence of interradial 
plating, the frequent sysygies, and the remarkable coloration. The specimen 
was kept alive in the laboratory for nearly 24 hours, while a colored figure 
was being made, but it died and broke to pieces before preservation and is 
now in an unf ortimately fragmentary condition. 

11* Commathw htteoAuoun sp. nov. {luteofuaeui « ydlow-brown). 

Centro-dorsal small (2 mm. in diameter of bare smface), thick, flat, or a 
trifle concave. Cirri xviii-xxii, 13-17, rather short, about 10 mm. long. 
Except segments 4-7 (from the base), the cirrus-segments are short, wider 
than long; except 7 or 8 basal segments, each segment has a dorsal elevation 
of more or less prominence; this may be a tubercle, a spine, or a roug^ trans- 
verse ridge; it is often conspicuous. I Br series 3 (2-f-3); I Bri in close 
opposition with its adjoining fellows; I Brs notably wider than I Bra and in 
broad contact with its fellows; I Bra almost triangular, very low and broad, 
well separated from its fellow on either side. Arms 20 to 30, notably short, 
50 to 60 mm. long, usually approximately equal but sometimes distinctly longer 
on one side of the animal than on the other; each arm is made up of 80 to 100 
brachials, which, except at tip of arm, are low, more or less discoidal, and have 
everted and finely serrate distal margins, particularly near middle of the arm. 

II Br series generally 4 (3-h4), but occasionally 2. II Bri in close contact 
with its fellow of the same ray. Ill Br series generally 4 (3+4), but some- 
times 2. Ill Bri in contact with its fellow of the same half-ray. First 
brachials in similar contact. Sysygies between brachials 3 and 4, and 10-11 
or 11-12; after that at intervals of 3 to 5 segments. OrsJ pinnules with 30 
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or more joints, of which 8 or more make up the eomh. Arm-pimiules of only 
a dosen joints; even the distal pinnules are shcHt; those at base of arm and 
near middle are stout and the joints have everted and finely serrate distal 
ends. General color in typical specimens, bright yellow-brown; in some cases 
this is very much darkened and has a greenish cast; rarely the tips of the arms 
are green or greenish-yellow. Colors are well kept in alcohol. 

This pretty little comatulid was not at all rare on the reef-flat at MaSr, but 
it was nowhere abundant. It is obviously closely allied to both partneirrum 
and annulaium, but is readily distinguished by the short arms, the well- 
devdoped and numerous cirri, the character of brachials and pinnules, and the 
distinctive coloration. 

12. Comaatlras farridmun (J. MQll^). 

This is one of the loveliest crinoids found at Ma§r, but is not at all common. 
The specimens taken were found on the under side of rock-fragments. The 
typical coloration is rose-red and white. Unfortunately the colors are very 
fugitive in alcohol. 

IS. CMuathvs sanouram (A. H. Clark). 

Only a few specimens of this species were found. They occurred with, and 
were not recog^iised as distinct from, annrdatuMf but can now be distinguished 
without difficulty. 

14. Slephaaomelni moaacinthi (Hartlaub). 

A single specimen was taken on the southwestern reef at MaSr on October 11. 
It was an active and very graceful swimmer. 

15. Stepjuaomctni stjyacaatha sp. dot. {oHnrm « sUok + JUtai'^ « spine). 

Centro-dorsal laige, thick, slightiy convex, almost completely covered by 
the cirri ; its diameter is 3.5 mm., but its bare surface is less than a millimeter 
across. Cirri xxxni, 18, about 12 to 13 mm. long, distally very distinctiy com- 
pressed; basal 3 or 4 and terminal hsAt dosen segments more or less shortened, 
the others longer than wide; terminal six or seven may show a longitudinal 
keel dorsaUy, but this is never marked; opposing claw distinct but small. 
Arms 16, about 70 mm. long, slender and well separated; division series all 2, 
without sysygies; axillaries pentagonal, nearly as long as wide; no lateral 
rocesses and no tubercles; brachials quadrate at base of arm and distally, 
ut 7 to 30 (or thereabouts) more or less markedly wedge-shape; sysygies 
between 3-4, 16-17 and then at intervals of 6 to 8 joints; sometimes between 
9-10, 14-15 (or 15-16) and th^i at intervals of 5 or 6 joints. P 1 about 4 mm. 
long, flagellate, with 14 joints, the basal ones stout, but distal ones long and very 
slender; P« similar but much smaller. Ps very rigid, 8 mm. long, sharp and 
spine-like (hence the name selected), consisting of 9 joints, of which 3 to 6 
are greatiy dong^ted (3 times as long as thick, or more) and 9 is minute; 
P» similar, but evidentiy smaller in every way ; P« similar to Pt, but only 5 or 6 
mm. long; P« similar but much smaller; P4 more flagellate, less than 3 mm. 
long and with only 8 joints; P« similar and about equal to P4; succeeding 
pinnules gradually becoming longer, but not exceeding 6 or 7 mm. and with 
14 or 15 joints; aU pinnules more or less cylindrical and with smooth joints. 
Color, uniform deep red-purple, except cirri, which are nearly dull-yellow at 
base and only dark at tip. The color is well kept in alcohol, except that li^t 
spots at base of arms and distally are now visible, which were not noted in bfe. 
This species seems to be very weU characterised by the numerous, few- 
j<nnted, nearly smooth cirri, the absence of ventro-lateral processes on the 
arms, and the small number of segments in Pf. The form and proportions 
of the lower pinnules also seem to be characteristic. Only one q)ecimen was 
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secured. It was found among the corals on the southwestern re^ at Maftr. 
It was noted as an active swimmer and did not endure confinement weU| 
soon throwing off its arms. 

16. Lampromelni tenera (Hartlaub). 

A single specimen was taken on the southwestern reef at Maer, September 
26, 1913. It was an active and very graceful swinuner. The lower pinnules 
are stouter and the coloration more variegated and much handsomer than 
in specimens of tenera from the Marshall Idands. 

17. Lampromelni bracliTpedul sp. nov. (fipaxfn « short + wnxfn » ann). 

Centro-dorsal large, thick, flat, 5 mm. in diameter, the base dorsal area 
about 2.5 mm. across. Cirri xxxvi-xlvi, 22-25, distally compressed, all 
joints wider or higher than long; distal joints with a very inconspicuous and 
low longitudinal rid^ ; opposing claw very small. Arms 39 to 50, notably short 
(hence the name selected), 50 to 60 mm. long and 10 to 12 mm. wide distal to the 
middle, composed of about 100 joints; no lateral processes and no tubercles; 
basal brachials are slightly swollen either at middle or at distalmost comer; 
first few brachials nearly quadrate, but rapidly becoming low wedge-shape, 
twice as wide as high, and then gradually becoming quadrate again as the 
tip of the arm is approached; sysygies between 3 and 4, 15-16 (or 18-19) 
and then at intervals of 9 to 19 (usudly 10) joints. Division series all 2, without 
syny^es; there may be as many as 10 lY Br series, but they are not necessarily 
on outer side of arm. Lower pinnules on outer side of every first and fourth 
arm, much bigger than any others. P| usually about 10 to 12 mm. long, with 
23 or 24 joints, more or less cylindrical and stiff, but somewhat flagellate at tip ; 
P« about the same. Ps bigger than Pi to a greater or less degree, often 13 or 14 
mm. long and with 25 joints; P» similar but smaller. P« very small, not half 
of Ps, with 8 to 11 joints; P« about the same. Succeeding pinnules gradually 
becoming longer and at middle of arm, 6 to 8 mm. long and composed of 19 or 20 
segments. All pinnules more or less cylindrical and with perfectly smooth 
joints. Color, bright green, somewhat variegated with brown and white, and 
with a broad band of white crossing each arm distal to middle; this band is 
particularly marked on the oral smiace; between this band and the disk are 
3 or 4 narrow bands of green; pinnules, at least distally, with yellow tips. 
The colors slowly undergo some change in alcohol, but the pattern is well 
preserved. 

In many respects this was the most remarkable crinoid met with at Ma§r, 
but unfortunately it was rare and only four specimens were found. They 
were all taken on the under surface of rock-fragments on the southeastern 
reef-flat. It was not an active species and I did not see it swim. When the 
rock was overturned, the arms would be more or less closed over the mouth, 
the whole animal appearing like a tuft of green sea-weed. On being touched, 
however, the arms, instantly and all together, were laid back flat against the 
rock and the broad white band flashed into view. The inmiediate effect 
was obliterative and one's first thought was that the animal had vanished. 
Whether this habit is protective could not be determined from the few obser- 
vations possible. There is no doubt this species in near karidrra, but the 
small siae, short arms, numerous, fewer-jointed cirri and the color are all 
distinctive. There is a faded specimen in the M. C. Z. collection, from Fiji, 
which seems to be brachypecha. 

18. Lampromelni eallipeclui sp. nov. («aXXXvfxvf " having beautiful arms). 
Centrodorsal rather small, flat, less than 5 mm. in diameter, the bare 

dorsal area about 3 mm. across. Cirri xxxi, 23-25, about 12 mm. long, 
distally compressed; basal segments (1 to 3) short and thick, segments 4 to 8 
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Icmger than wide, remamder wider than long; distal segments with low and 
minute longitudinal dorsal ridges; opposing daw well-marked. Arms 18, 
about 65 mm. long by 10 broad; division series all 2 without syzygies; there 
are four II Br series and four III Br; II Br series not apprised, but with 
slight lateral expansions; brachials smooth, not overlapping, wedge-shape, bo* 
coming quadrate after the 30th, and at tip of arm longer than wide; sysygies 
between 3-4, 9-10, 14-15, 18-19, 23-24, and then at intervals of 7 to 10 seg- 
ments. All pinnules cylindrical; lower ones stifiF and little flagellate. Pi about 
6 mm. long, of 19 joints; P« much smaller, little longer than P«, of 11 joints. 
Ps the lar^^ pinnule, 7 or 8 mm. long, of 18 joints; P» longer than P«, of 11 
joints; P« the smallest pinnule, of 10 joints; P^ very similar. Succeeding 
pinnules gradually increasing in length imtil at middle of arm thev are 6 or 7 
nun. long, with i^ut 20 joints. O^lor, rich purple, with base of arms and 
a broad distal band white; pinnules often witn ydlowish or rusty tips; cirri, 
cream-color dorsaUy, deep brown on ventral side. Colors ahndst perfectly 
preserved in alcohol. 

A single specimen of this very handsome comatulid was foimd on the 
southwestern reef at Ma^ on the last day of our stay, October 27, 1913. It 
is well characteriied by the small number of arms, the number and appearance 
of the cirri, the proportions of the lower pinnules, and the notable coloration. 

19. OHfsmelni aidss sp. nov. (Am#« » unequal; hence, variable). 

Centro-dorsal moderately large, but notably thick, about 5 mm. in diameter, 
the bare dorsal area about 2 mm. across and minutely tuberculated. Cirri 
xxi-xxin, 15-17, relatively long (9 or 10 mm.) and stout; transverse ridges on 
distal joints minute or wanting but opposing claw marked; none of the 
segments obviously longer than wide. Arms 10, the I Br series and first 
2 brachials with well-marked ventro-lateral processes. First half dosen 
brachials more or less quadrate; succeeding, wedge-shi4)ed, with flaring and 
sUghtiy overlapping distal ends, becoming quadrate and longer than wide 
at tip of arm'; syzygies between 3-4, 9-10, and then at intervals of 5 to 7 seg- 
ments. All pinnules more or less cylindrical. P| about 7 or 8 mm. long, of 
10 or 1 1 joints, moderately stifiF ; P« rimilar but often distinctiy larger. Ps and 
P» about equal, distinctiy the largest and most spike-like of the pinnules, of 
13 to 15 joints, with rough and spiny distal ends. P« much shorter than Ps, but 
rather stout, of 10 or 11 joints; P^ smaller, of only 8 joints. P4 the smallest 
pinnule, much shorter than P«; P^ nearly equal to Pe. Succeeding pinnules 
gniduijly longer, until at middle of arm they are 6 mm. long and have about 
20 segments. Color, very variable, ranging from clear lemon or canary- 
yellow, with hardly a purple mark, through variegated purple and yellow, <nr 
variegated brown and white, to finely variegated shades of gray and white. 
Colors are well preserved in alcohol. 

Excepting the oomasterids, this was the commonest crinoid at MaSr and 
was not infrequentiy met with near the outer margin of the southwestern 
reef-flat. Unfortunately it was not common enough to pennit of any extended 
observations on its habits and reactions. It was not ordinarily at all active, 
but clung very tenaciously to the fragment of rock or coral to which its cirri 
attached it. The cirri are notably strong and it was frequentiy no easy task 
to detach them. Although no doubt related to 0. oarpenteri, this ^^ecies is 
readily distinguished by the more numerous cirri, with fewer joints; the 
shorter arms with about half as many joints (80 in aniea); and the utterly 
different lower pinnules. 

2S. HeteniBieCra i e Mcata ap. nov. {ddieatua « aoft, tender). 

Centro-dorsal relatively large, 2 mm. in diameter, low subcorneal, only the 
dorad pole bare. Cirri xv, 1^19, little compressed distally, about 5 or 6 mm. 
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long, rather stout ; no segments longer than wide ; 10 to 12 distal segments with 
conspicuous longitudinal dorsal ci^ts or teeth; oi^XNnng claw large. Arms 
10, the I Br series and first two brachials with small ventrolateral processes. 
Anns about 25 mm. long, composed of about 50 to 60 brachials, which are more 
or less quadrate and are distinctly longer than wide on distal part of arm; 
syzygies between 3-4, 9-10, and then at intervals of 6 to 9 joints. Pi less than 

2 mm. long, composed of 10 or 11 short joints, the basal ones squarish; P« 
similar but much smaller and with only 6 seginents. Ps similar to P| but 
more than 2 mm. long, rather stout, with 10 joints, decidedly the largest 
pinnule on the arm; P» about equal to Pi or a trifle larger, but with fewer 
joints; distal edges of segments of Pt and P» somewhat flwng, very minutely 
spiny. Ps smaller than Pi and with only 6 joints; P^ similar but smaller. 
Succeeding pinnules gradually larger, untU at middle of arm they are about 

3 mm. long and have 12 segments. None of the basal pinnules are rigid and 
spike-like, but all have rather flagellate tips. Ck>lor, purple of a rather pale 
shade; pinnules yellowish at tips; cirri more or less white. Colors fairly well 
preserved in alcohol. 

The single specimen, upon which this species is based, was picked up on 
the sand flat, on the southern side of Friday Island, at low tide. Its relation- 
ships are obscure, for although it seems to be a member of the Himerometrids, 
the outer brachials preclude its being placed in Amphimeira, while the known 
species of Heierometra all have more than 10 arms. It may perhaps nc^ a 
generic name of its own. 

21. Tropiomelni afra (Hartlavb). 

Not common, but a few specimens were found on the extreme outer margin 
of the southwestern reef-flat at Ma^r. 

22. Iridametrs nans (Hartlaub). 

A very active comatulid, purplish-black with light brown cirri, was taken 
on the southwestern reef at Maer, October 10. The arms are 40 to 45 mm. lon^. 
It b apparently an Iridometra, and, except for the distinctive color, which is 
well preserved in alcohol, it answers well to Hartlaub's description of nana. 



PART II. 

HABITS AND REACTIONS. 

MATERIAL 

Crinoids are so abundant and easily obtained at Maer that there was 
no lack of material for study, but experience unfortunately showed 
that the species with which the most interesting results might have 
been obtained were so uncommon as to be unavailable for experimental 
work, while the most abundant species were very sluggish and often 
unsatisfactory to deal with. Moreover, individual differences were 
quite marked, more so than I had expected, and led of course to incon- 
sistent results. The commonest comatulids, the young individuals of 
Comatula purpurea^ proved less satisfactory for experimental work 
than adults of the same and of larger species, as they are rather inert, 
responding slowly to stimuli; but many observations were made on 
their behavior under normal conditions on the reef. Most of my 
observations and nearly all the experiments at the laboratory were 
made on adult Comatula purpurea, CotnateUa maculata and stelligera, 
and Comanihus anntUatum. Of these, the last was the most easily avail- 
able, but it was not so active as the others. Everything considered, 
adults of Comatula purpurea were found the most satisfactory for 
purposes of study, as their responses to stimuli seemed to be more 
prompt and more marked than in any other individuals, and the results 
were more consistent. Unfortunately these available comatulids are 
all members of the family Comasteridse and had many traits in com- 
mon. The comparatively few individuals of the families Stephano- 
metridse, Mariametridse, Colobometridse, and Antedonidse, which I had 
the chance to watch, showed that they differ from the Comasteridse 
as much in habits as in structure. They are good swimmers and 
would be exceedingly interesting to study critically in the laboratory. 

All but two of the crinoids seen by me were found either on the 
lower surface of rock-fragments or among the branches of stony coral 
of various species. They occurred on different parts of the reef-flat 
about Ma&*, but except the ubiquitous Comatula purpurea, they were 
virtually confined to the southern end and eastern side of the island. 
They were usually in water not less than 2 or 3 feet deep at low tide, 
but occasionally when the tide was very low they were in water only 
a few inches deep. Twice specimens were found in the cavities of 
large sponges, and it is possible that outside the reef this may be a 
common habitat. Owing to the lack of facilities for dredging, no 
observations were possible on crinoids living in the deeper water 
beyond the reef. 

It was a pleasant surprise to find that with few exceptions the 
crinoids at Maer were not nearly as delicate and frail as their exquisite 
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texture would lead on^ to suppose. Unless the anns were voluntarily 
ruptured, they were not easy to break, and even pinnules and cirri 
withstood hard pulling, when specimens were being untangled from 
each other. The arms were seldom voluntarily ruptured until the 
specimens had been in the laboratory for some ho\u«, and if properly 
supplied with fresh, clean water, individuals could be kept for a day 
or more. The diversity of color, the delicacy of structure, and the 
gracefulness of movement surpass description and easily justify Mr. 
A. H. Clark's statement (1908, Geog. Jour., London, p. 606) that among 
marine invertebrates they are unrivaled. They may well be called 
''sea-lilies," for nothing outside the most beautiful products of the 
vegetable kingdom can be compared to them for beauty. 

METHODS. 

It proved impracticable to have aquaria at the laboratory large 
enough to keep comatulids in a healthy condition, but a compartment 
in the live-car anchored just outside the reef served as a home for 
numerous specimens, available for experiment either at the car or at 
the laboratory. Crinoids kept in the car for many days lost the 
terminal portions of some or all of their arms, apparently because of 
the constant swajring of the car, and during the last week of our stay 
a particularly rough night killed nearly all the comatulids in the car. 
For observations and experiments at the laboratory, a tank or trough 
3} feet long, 10 inches wide, and 10 inches deep, made of metal and 
wood, answered very well. This will hereafter be referred to simply 
as the tank. 

As only a part of the time could be given to the work, even for the 
short period we were at MaSr (five weeks), no attempt was made to 
secure quantitative results. Consequently only superficial attention 
was given to variations in the strength of stimuli or in rapidity of 
response. The purpose was simply to learn how comatulids reacted 
under normal conditions, so that such observations as were made on 
responses to chemical stimuli were purely incidental. Of course, obser- 
vations were continually made on the reef and some experiments were 
undertaken there, but various circumstances combined to make the 
results negative. Had more time been available, even another week, 
I would have been able to profit by the experience of some of these 
failures, but as it was they were of very little significance, although 
they will be referred to further under the discussion of locomotion, 
like other students of animal behavior, I found individual differences 
suflSciently marked so that selected specimens gave the best results. 
After a nimiber of specimens had been observed and frequently dis- 
turbed, one or more were picked out, which seemed most responsive, 
and the more careful observations were made on them. There is no 
reason for believing such observations unrepresentative, for these 
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selected specimens did not differ, so far as could be seen, in the manner 
of the response, but only in the rapidity. Handling individual comat- 
ulids had no apparent subsequent effect on the specimen. 

Fatigue seems to be, as a rule, easily induced, but in no other respect 
is there so much individual diversity as in this. Whether the fatigue 
noted was real or only apparent, there was no means of determining. 
Nothing was noted with reference to breeding habits. Dr. Tennent 
found mature spermatozoa in many males of Camatula purpurea, but 
mature eggs were not noted in any species. Apparently the breeding 
season was just opening when we came away, the last of October. The 
shortness of our stay prevented any observations on regeneration or 
growth. In the following pages, under the heads hcamotion, food and 
feeding f response to light, response to heat, and response to other stimuliy 
the facts observed are set forth. 

LOCOMOTION. 

To speak of the methods of locomotion in crinoids, or even in comat- 
ulids, is like speaking of locomotion among birds, in that there is as 
much difference between different kinds of comatulids as between 
different kinds of birds, and as birds may either fly or run preponderate 
ingly, so comatulids may either commonly swim or creep. So far as the 
species studied at Maer are concerned, the Comasteridse are creepers, 
while the other families represented there are swimmers. It was a 
surprise and disappointment to discover that none of the common 
comatulids would swim, even in the deep water by the live-car, so 
that it was not possible to make the observations and experiments 
with reference to the swimming of comatulids which I had planned. 
When any of the species of the Comasteridse were placed in the water 
beside the live-car, they invariably sank to the bottom (about 20 feet) . 
In the case of ComateUa nuumlaia, it was noted that, as a rule, the 
individual would close the arms orally and vertically over the disk, 
so that it sank almost like a stone. As soon as it touched bottom, 
the arms were opened out and the animal began to creep. In the other 
species, however, the arms were not closed up and so the comatulid 
floated downward to the bottom much more gradually. With one 
exception, all efforts to induce swinuning movements of the arms in a 
comasterid completely failed. 

In no case when the individual was on the bottom did mechanical 
stimulation result in any attempt to swim or in accelerated movements 
of any kind. Suspending specimens in the water by means of a slender 
thread gave no results; the arms moved about slowly and with no 
codrdinated effort and with no resulting locomotion. Several indi- 
viduals were provided with cork floats, so attached as not to interfere 
with arm-movements; but, with the one exception already referred to, 
none of them made any effort to swim. The one exception was a 
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small CamateUa macudata, which, after wearing the cork float in the 
live-car for 24 hours, was dropped into de^ weAer. It immediately 
began swimming, but spasmodically and not in the beautifully coordi- 
nated manner of a Stepbanamebra. Appar^itly these comasterids do 
not, under normal conditions, swim at all, but could with sufficient 
effort be taught to do so. 

On the other hand, all of the species of the other families of comat- 
ulids observed at Maer are good swimmers and do not creq> about as 
the comasterids do. They are usually found at rest on the lower side 
of rock-fragments or on a branch of coral with the arms more or less 
erect, but sometimes the arms are opened out flat against the rock. 
They maintain their position by means of the cirri, with which they 
often cling so tightly that it is difficult to dislodge them without 
damage. Under no conditions did they seek to esci^ by swimming, 
but when once dislodged, swimming seemed to be their only means 
of locomotion. Placed in a basin or a deep bucket of sea-water, a 
very slight mechanical stimulus served to set them in motion, and 
swinmiing continued for a more or less brief interval, varjring greatly 
with different individuals. It seemed aa though the frequent contact 
with the side of the basin or pail served as a deterrent, and I think 
that they would undoubtedly have gone a greater distance in open 
water. Nevertheless it was clear that the individuals observed were 
''sprinters,'' and not long-distance swimmers, the movements being 
more like the ffitting of small birds in shrubbery than like long-sustained 
flight. The gracefulness and beauty of the movements were their most 
notable feature, but their rapidity and force were also remarkable. 

In the ten-armed specimens, swimming was accomplished by using 
the arms in sets of five alternately, so that when arms 1, 3, 5, 7, and 

9 were brought up almost vertically over the disk, arms 2, 4, 6, 8, and 

10 struck backward forcibly, with pinnules fully extended, until they 
nearly met behind the cirri. Only a single stroke was made, but as 
arms 2, 4, 6, 8, and 10 were relaxed and drawn in and upward over the 
disk, another similar stroke was made by the alternating five arms. 
Of course the movement was much more rapid than a description indi- 
cates, but it decreased in rapidity as the comatulid became fatigued. 
At the start the strokes were at the rate of perhaps 100 per minute, 
but they rapidly dropped to much less than that and usually ceased 
altogether in less than a nunute. Each stroke appeared to carry the 
individual about the length of its own arms, so that an individual with 
arms 50 mm. long started out at the rate of about 5 meters per nunute. 
But the longest distance any specimen was seen to travel continuously 
was less than 3 meters. 

In the multibrachiate Stephanometridse and Mariametridse, the 
movements were very similar, but exceedingly difficult to analyse 
satisfactorily. The arms seemed to be used in sets of five in rapid 
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succession. That is, supposing the individual had 40 anns, the first 
stroke would be given by arms 1, 9, 17, 25, and 33, followed ahnost 
unmediately by 2, 10, 18, 26, and 34, then 3, 11, 19, 27, and 35, and 
so on until the ei^t sets had been used, when the first set would comer 
into action again. Not so great a part of each arm is used as in the 
ten-armed species and the stroke does not carry the arm so far back, 
but the movements are so nq)id and the similarity of the arms to each 
other is so confusing that it is almost impossible to feel sure that one 
has made no mistake in the analysis of the method of progression. 
While the swimming is perhi^ just as graceful as that of the ten- 
armed species, when contrasted with their movement, it is reminiscent 
of ''dog-paddle" swimming as compared with the usual stroke. No 
satisfactory data were secured regarding the speed of, or distance 
covered by, the multibrachiate species. 

The creeping movements of the Comasterida are neither so grac^ul 
nor so well coordinated as the swimming movements just discussed. 
These comasterids usually live in the open spaces among branching 
corals or on the lower side of large fragments of rock or coral, with 
their arms extended and floating listlessly in the water. More or 
less constantly but irregularly the arms bend inward toward the mouth, 
the tips just brushing the disk and the arm-bases. While these move- 
ments ntiay be connected with feeding, it was not possible to determine 
what the connection is. One may perhi^ hazard the guess that they 
keep the ciliated grooves from becoming clogged up. If the coral is 
broken away or the rock fragment turned over, so that the contiatulid 
is exposed, the animal begins at once to move. In the species with 
well-developed cirri, notably in Trapiametra afra Hartlaub, the position 
is maintained by means of them, but they apparently do not play any 
important part in locomotion. One might suppose that they would 
be of some use either in pulling or pushing, but there never was the 
least indication of movement on the part of the cirri in any of the 
species observed. In the species in which cirri are feebly devdoped 
or quite wanting, the position is ntiaintained by the use of some of the 
arms. It seemed to be usually the shorter arms that were so used, but 
under laboratory conditions none of the arms remained still for a long 
period, and while it would seem quite likely that the shorta* arms are 
constantly used as anchors, evidence on the point is not satisfactory. 

Creeping is a rather complex movement, a combined pulling and 
pushing. Certain arms, usuftlly three or four but sometimes as many 
as seven, are stretched out to their full extent and the pinnules of the 
terminal portion catch hold of any available projections. This attach- 
ment is not only by the use of the minute hooks which are found at 
the tips of the pinnules, but by the remarkably viscid nature of the 
secretion from the glands in their epithelium. The degree of viscidity 
varies in the different species and more or less in individuals. It is least 
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noticeable in Tropiometra afra Hartlaub and hardly more so in C. pur- 
purea. It is most marked in ComateUa eteUigera and in some individuals 
of ComarUhus annulatufn. Thanks to this viscidity, locomotion is pos- 
sible even on very smooth surfaces, such as that of an enamd-ware 
basin. It is, however, difficult on loose sand. Rock surfaces and tightly 
packed sand are the most satisfactory for permitting the pinnules to 
function successfully. When the pinnules of the extended arms have 
gotten a hold, or perhaps while they are getting hold, three or more 
arms on the opposite side of the body are drawn up in a strongly arched 
position and their widespread tips are closely appressed to the bottom 
very near the disk. Then when the extended arms, having secured 
their hold, begin to contract and puU the animal towards the place of 
attachment, the arched arms begin to straighten out and push the 
animal in the same direction. The result is of coimse a movement 
more or less marked according to the character of the bottom and the 
size of the comatulid. The total movement may be from one-eighth 
to a quarter of the arm-length. The process is continually repeated 
and may be kept up for homrs, with very slight resting periods. 

On the whole, ComateUa maculaia and adult Comaiula purpurea were 
the most active and were rarely at rest in aquaria. A specimen of 
macuJata with arms about 75 nun. long traveled approximately 85 mm. 
per minute and continued to go around and around a large basin for 
several homrs. It probably traveled about 40 meters per hour, but 
on a natural surface, such as the reef would afford, it would be able 
to do better than that. In comatulids with approximately equal arms, 
there was no evidence of any orientation, one group of arms being 
quite as likely to be in advance as another. Such individuals altered 
Uie direction in which they traveled simply by changing the groups 
of arms which were to be ^rtended. 

In adult Comaiula purpurea^ as is well known (the same is true of 
many comatulids not found at Maer), certain arms are much longer 
than others, and the shortest are as a rule opposite the longest. Obser- 
vation on the reef, at the live-car, and at the laboratory showed that 
in this species there is more or less definite orientation. Under ordinary 
conditions the long arms are extended in locomotion and hence are 
ard/erioT^ while the short arms do the pushing and hence are posterior. 
The mouth is at the base of the longer arms and hence is at the anterior 
end (or side) of the animal, as one would expect. If locomotion in a 
given direction were prevented, the comatulid never reversed its move- 
ment, using the short arms to pull and the long ones to push, but 
gradually swung itself around until ultimately the long arms were in 
advance. A considerable number of experiments and observations 
showed that the mechanism for orientation was not by any means 
perfectly adjusted, for an individual would often go for some distance 
with the longest arms at one side or only partially in front. Never- 
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theless it was clear that long arms in front, short arms behind, gave the 
normal method of progression. It may be a fair inference that the 
asjrmmetrical condition of the arms is the result of selection, since it 
is possible that long arms would be better for pulling and short, stout 
arms for pushing. But it is no doubt true that there are very diverse 
interpretations of the matter possible, and it is no part of my purpose 
to discuss the subject here. The statement of the facts given above 
is beyond dispute, however. 

Locomotion in all the comatulids observed at Ma&, whether swim- 
ming or creeping, invariably takes place with the oral surface upper- 
most. If dropped in deep water with the mouth down they commonly 
righted themselves before reaching the bottom. If not, or if placed 
on the bottom with the mouth down, they slowly but surdy turned 
over before attempting to either swim or creep. The process of turning 
over is essentially the same as in a starfish. That is, a group of arms 
begins the task and continues gradually lifting up one side until the 
arms of that side can be bent back far enough over and beyond the 
aboral surface to seciu^ a hold. Then by their pulling and the pushing 
of the arms opposite to them, the disk is righted. The process seems 
a tedious one and is probably not often necessary in the normal life 
of comatulids on the reef. 

Particularly interesting is the question of how much these comat- 
ulids move about under the natural conditions of their life, but no 
satisfactory evidence on the point was secured. On one occasion a 
doxen healthy comatulids of four species were '^ planted" on a part 
of the reef where no crinoids were living. Twenty-four hours later 
they had all disappeared and no trace of them could be found in the 
neighborhood. But as there had been a strong wind and much surf 
during the night, they may have been simply swept away. On another 
occasion 10 large comatulids were carefully located around the margin 
of a rock-fragment about a meteor in diametw. Circumstances, includ- 
ing imfavorable tides, made it impossible to visit the spot again for a 
week. Then it was found that more or less sand had washed in around 
the rock and the comatulids were apparently gone, but again there 
was doubt what part the surf and strong tidal currents may have 
played. Crinoids dropped beside the live-car, on reaching the bottom, 
began at once to move away and continued moving, usually in a fairiy 
straight line, until th^ reached a rock b^ieath which they could find 
shelter, but it was not possible to determine their ultimate resting-place. 

During these experiments I was much struck by the attitude of 
fishes towards the crinoids. Fishes of many species were abundant 
in the water just outside the reef and their movements were easily 
noted. Any object dropped in the water at once attracted their 
attention and if edible was nibbled at or seiied outright. Comatulids 
were always noticed, but were never touched either in the water or 
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at the bottom. Fishes, often of large suse, always swam towards them, 
but when within a few inches turned and swam away. Either by 
sight, or some other sense, perhaps stimulated by some exhalation from 
the comatulids, these animals were recognized as inedible. 

FOOD AND FEEDING. 

Examination of the contents of the stomachs of living crinoids were 
made on two different occasions. One day two crinoids, which had 
been in the live-car for several dajns, were brought to the laboratory 
and the contents of their stomachs were carefully examined under the 
microscope. No essential difference between the two specimens was 
noted. In each case, the greater part of the food material was green 
algae, chiefly unicellular, but some linear forms (thread-algae) were also 
noted; a few diatoms were detected and some foraminifera; in one of 
the stomachs, several radiolarians were also seen. There was no indi- 
cation that other than living food material had been taken into the 
stomach. All of the material was virtually undigested. On another 
day a study was made of the contents of the stomachs of two crinoids 
just brought into the laboratory from the reef. In both individuals 
the food material was identical with that of the crinoids which had 
been living in the live-car. In one specimen a piece of a red alga was 
noted and in the other some fragments of nunute Crustacea. These last 
were the only particles of animal food noted and were the only things 
observed that could possibly have been tak^n in as dead plankton. 
It was made perfectly clear that the comatulids at Maer, at iMst in the 
dry season, are all vegetable feeders, and that the percentage of animal 
food is negligible. But it is possible, of course, that during the rainy 
season there may be a change in the composition of their diet ; on that 
point there is no evidence to offer. 

It is not easy to determine beyond question the manner in which 
the food reaches the stomach. It is easy to suppose that the food is 
simply swept into the mouth by the current of water flowing along 
the ciliated fiurows of the arms and disk, but I did not succeed in 
demonstrating such a movement, although there is no reason for 
doubting its reality. The multibrachiate forms keep the arms more 
or less widely spr^td out when they are at rest, but in the ten-armed 
fipecies they are often more or less erect and sometimes quite rigid. 
In the aquaria and live-car the arms are frequently if not constantly 
curving in towards the mouth and the tips sweep the surface of the 
disk lightly. Individuals living on the lower surface of rock-fragments, 
since they are attached by the aboral side, rest with the ciliated grooves 
and mouth downward, away from the surface of the rock. It is 
therefore evident that, unlike starfishes and echini found in similar 
situations, they get their food from the water directly and not from 
the surface on which they rest. Taking all the facts observed with 
reference to the nature of the food, the position and movements of 
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the anns, and the arrangement and appearance of the ciliated furrows, 
it is evident that the comatulids at Maer obtain their food, living 
vegetable plankton, directly from the sea-water by means of the 
cfliated furrows and that the arms serve no essaitial purpose in feeding 
othar than the multiplying and extending of these furrows. 

If this view is correct, a plentiful supply of sea-water containing an 
abundance of the necessary plankton would be the essential factor in 
controlling the distribution of these comatulids, and their local occur- 
rence about the island might throw some light on the matter. The 
island of MaSr is surrounded on all sides by a fringing reef between 
which and the shore itself is a reef-flat of great extent, as much as 
600 yards wide on the southeast side of the island. The reef is lacking 
only at one point, the west-south-west comer of the island, but it is 
nearly wanting at the southern point also. Between these two gaps 
the southwestern reef is v^y rich in corals and in other animal life. 
Directly across a channel, about a mile wide, lie the islets Dauer 
and Weier, also surrounded by an extensive fringing reef. Through 
this channel the tidal movement is very marked, spring tides at the 
Murray Islands rising not less than 10 feet. On the southeastern 
reef there is constant surf breaking (at least during the southeast 
trades of the dry season), but the tidal movement on the flat itself is 
not particularly active. At the northern end and on the west side 
of the island, neither surf nor tide is as marked as on the other side. 

We examined the reef and the reef-flat on all sides of the island and 
were constantly searching for crinoids. Yoimg Comaiula purpurea 
were found practically everywhere in water that was well aerated, 
but no large comatulids were found anywhere on either the western 
or northern parts of the reef. On the southeast re^-flat, Comatella 
maculata was fairly common and occasionally a Comanthus annrdatum 
or a Lampromebra would be found there; but we soon learned that 
when we wanted crinoids in any nimibers, the southwestern reef was 
the place at which to obtain them. They occiured there in great 
abundance, and especially near the outer margin of the reef the number 
of species and the sise of the individuals were notable. A natiural 
explanation of this fact is that the great tidal movements through the 
channd between MaSr and Dauer maintain a richer supply of vegetable 
plankton at that point than is to be found on any of the other reefs. 
It ntiay be added that the abundance of food is, as will be shown later, 
only one factor in making the southwestern reef so attractive to 
comatulids. 

RESPONSE TO UGHT. 

Almost the first fact noted with reference to the habits of the 
comatulids at MaSr was that they showed an evident tendency to 
withdraw from brightly illuminated areas. On overturning a rock- 
fragment on the lower surface of which crinoids were living, they at 
once began to move. Sometimes they withdrew into dark holes or 
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crannies in the rock, but genially the movement was over the surface 
of the rock to its margin and thence down into the shade of its now 
lower side. The movement was never spasmodic or hurried, but unless 
interfered with was very steady and soon accomplished its purpose. 
It is difficult to see how this invariable habit can be interpreted as 
anything else than a response to light as a stimulus. Since the rock 
might be 3 feet under water, no change of temperature could possibly 
have caused the movement; it is conceivable, however, that the change 
of position due to the overturning of the rock was the effective stimulus. 
But the theory that change of position is the determining factor seems 
to be eliminated by the facts that among the living corals comatulids 
occur with the oral surface either up, down, or lateral, and that when 
the coral around them is broken away with a hammer, exposing them 
to strong light but not disturbing their position, their movements are 
also away from the lighted area into the shadow. 

Experiments in the laboratory were not altogether satisfactory, so 
much individual difference was shown. As a rule, if a comatulid was 
placed at the middle of the tank, one end of which was covered over, 
while the other end was in sunlight, movement to the shaded end 
almost always was the first result. Often, however, the animal did 
not remain there, but moved about restlessly, even to the brightly 
illmninated end. In such cases it is a fair inference that the absence 
of suitable surface for attachment was the cause of the restlessness. 
More consistent results followed when direct sunlight was allowed to 
fall on comatulids which had been in the shade. With scarcely an 
exception, they moved out of the brightly lighted area. Experiments 
with artificial light were entirely negative, presuniably because of the 
weakness of the stimulus, nothing better than an ordinary kerosene 
lamp being available. No specific differences were noted with reference 
to light reactions, all the species watched giving the same results. 
Bright simlight thrown abruptly on a comatulid lying in shadow often 
produced immediate and sometimes more or less spasmodic closing of 
the arms over the oral surface of the disk, as though that part of the 
animal were most sensitive to the stimulus. In confirmation of the 
view that the disk is more sensitive to light than the arms is the fact 
that in their natural habitat the crinoids often extended the arms out 
into the light, while the body itself was in heavy shadow. Indeed, all 
along the southwestern reef, on the brightest days, they were to be 
seen in such a position. 

RESPONSE TO HEAT. 

As ice was not obtainable at MaSr and it was difficult to lower the 
temperatiu^ of any large amount of water to any considerable degree, 
my only experiments with regard to the response of comatulids to 
temperature changes dealt with the effect of raised temperatures or. 
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more briefly, the response to heat. The tank previously mentioned 
was used for these experiments, and while the results were not entirely 
consistent, they were suflSciently so to make them of some value. An 
alcohol stove placed under one end of the tank made it possible to 
raise the water just over the flame several degrees without appreciably 
affecting the temperature of the other end for nearly an hour. The 
sea-water brought from the reef and with which the experiments began 
had a temperature of 26.6^ C. The area directly over the stove 
soon became about a degree warmer than this, while immediately 
above the flame it rose to 31.7^. Comatulids placed in the tank at 
the imheated end began at once to move towards the other end, the 
whole tank being uniformly illuminated. The passage into the slightly 
warmer water was not indicated in any way, but whenever the arms 
extended into the area above 30^ a more or less prompt response and 
withdrawal followed. This was shown by all the species tested, but 
was most noticeable in adult Comahda purpurea^ and consequently 
that species was chiefly used. If an individual were placed in the 
hot area, it immediately moved out, but it did not seek the coolest 
part of the tank. At the end of 1} hours the water in the tank was 
raised to a minimum of about 29^ and the comatulids were all at rest 
or moving very languidly. It was interesting to note, however, that 
transfer from this warm water to the sea-water at ordinary tempera- 
ture (26.6^) acted as an immediate stimulus and locomotion was at 
once renewed. The reverse was also true, comatulids from the normal 
sea-water responding at once with active movements when dropped 
into the warm water. In the lattw case, however, the movements 
very quickly ceased. As a result of these observations, it is evident 
that comatulids are sensitive to comparatively slight changes of tem- 
perature and that, for those living at Maer, 26^ to 27^ C. is about the 
optimum. It is not probable that the sea-water on the reefs at the 
Murray Islands ever gets far below that temperature, but it is often 
much higher, at least on the reef-flat itself. It is therefore of great 
interest to find that at 29^ these comatulids become inactive and 
that they withdraw at once, if possible, from 31^. Evidently, then, a 
fairly uniform temperature is an essential factor in determining their 
distribution, and this accounts for their absence from the greater part 
of the reef-flat at Maer, for the water on some parts of this flat, if low 
tide is near mid-day, rises far above 31^. It seems probable, too, 
that the more imiform temperature and the absence at all times of 
high temperatures in the channel between Maer and Dauer are added 
reasons why the southwestern reef on Maer has such an abundant 
comatulid population. The abundant food supply in that region is 
thus not the only factor in the case. 
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RE9P0^BE TO OTHER STIMUX 

Mechanical stimuli met with ordinary response under normal con- 
ditions. The disk and the pinnules at the bases of the arms seem to 
be more sensitive to touch than either the middle or tominal part 
of the arms. The cirri and the whole aboral surface are slow to respond 
to mechanical stimulation. The reqionse to touching the disk is a 
closing of the arms over it and the response to touching the oral 
surface of an arm is th^ gradual infolding of that arm. Mechanical 
stimulation alone, even a seveare pinch of an anterior arm with forceps, 
seldom caused any change in the direction of locomotion. The net 
result of all the observations was the impression that comatulids are 
surprisingly callous to mechanical stimuli, and the response is never 
sudden or hurried. 

It was particularly desirable to determine if comatulids showed a 
quick response to changes of salinity in the sea-water, but the results 
of the experiments were all negative. There was no success in securing 
any response to the addition of rain-water to the sea-water in the 
aquaria, even when the rain-water was poured directly onto the disk 
of the crinoid. The transfer of a comatulid from sea-water directly 
to rain-water met with marked response and violent movements, but 
as long as the water in the tank was predominantly salt, there was 
no visible response to the addition of rain-water. On the other hand, 
the increase of salts seemed to be a matter of equal indifference, but 
the response to a strong solution of magnesium sulphate was prompt 
and violent. This is the more remarkable because the reaction is so 
different from that shown by starfishes and ophiurans. When these 
echinoderms are thrown into a saturated solution of magnesium sul- 
phate, there is a brief period of activity, but not violent, and this is 
followed by complete stupefaction and relaxation of the whole mus- 
cular system. Comatulids, however, respond to the stimulation of 
the solution so violently as to break off some or all of the arms and 
no evidence of subsequent relaxation was found. This peculiarity of 
muscular reaction in comatulids deserves much more careful study 
than circumstances at Maer permitted. 

Alcohol poured on the disk of a crinoid in the tank brought about a 
v^ry marked response, but the latent period was surprisingly long 
and the effect of the stimulus soon wore off. If comatulids were taken 
from sea-water and dropped into alcohol (or formalin), the response 
was immediate and consisted in the extreme contraction of the arms 
aborally (i. «., backwards). Often this would be followed by a strong 
oral contraction, bringing the arms up vertically over the mouth. 
This again would be followed by a general relaxation followed by death 
and a hardening of the tissues. Specimens simply thrown into alcohol 
(or formalin) or placed in the fluid, mouth down, never died in a 
natural position, the arms being strongly contracted, usually entangled 
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with each other and with the cirri dorsally, but sometimes shut up 
together over the mouth. 

Owing, however, to the fact that ahnost without excq>tion the first 
response is the contraction of the dorsal muscles, it is very easy to 
prepare perfectly expanded q[>ecimen8. Th^ are lifted from the sea- 
water with the cirri down and plunged abruptly into strong alcohol 
in a shallow flat dish, care being taken to press the disk down at once 
to the bottom of the dish. The contraction of the dorsal muscles 
causes the arms to lie out flat against the dish-bottom. The following 
contraction of the oral muscles is occasionally strong enough to bring 
the arms up over the disk and get them badly entangled, but in the 
very great majority of cases it is so feeble and so quickly followed by 
relaxation that a little manipulation of the arms, smoothing them 
down with the fingers and pressing out the curves, results in perfectly 
expanded specimens. Only in relatively few cases, and these were 
individuals which had been in the laboratory for some hours, was the 
muscular contraction great enough to break off the arm or even cause 
k)6s of cirri. These cases are, probably to be explained by the suscep- 
tibility of these comatulids to non-aerated seik-wat^^ — that is, presum- 
ably, to COt. It was not possible to determine positively whether 
COi was the deleterious substance or not, but there is good reason 
fm that belief, because the comatulids were found only on those parts 
of the reef where the aeration of the sea-water was very well provided 
by the surf. However, whether COt was the factor directly respon- 
sible or not, it is beyond question that the comatiilids brought to the 
laboratory were very suscqitible to the impurity of the sea-water after 
a few hours in the aquaria. 

If a number of specimens were left in a basin, even with a relatively 
large amount of sea-water, they gradually became inactive and after a 
time perfectly still and made no response to mechanical stimuli. That 
they were not dead was indicated by response to chemical stimuli 
(alcohol, formalin). But if left undisturbed, the arms began to break 
to pieces distally, the process continuing centripetally until only the 
basal parts of the arms were left attached to the disk. Even then 
response to stimuli could be induced if the q)ecimens were placed in 
perfectly fresh seik-water. If, however, they were left undisturbed, 
fragmentation continued until even the basal parts of the arms were 
completely disintegrated. 

There is great individual difference as to the time when anq>utation 
of the disk from the caljrx takes place. It was very common to have 
this happen as tiie first steip in disintegration, but in some individuals 
it was one of the last. Not rardy comatulids shed their disk when 
first taken from the sea and placed in the pail, but such specimens 
lived in the live-car as wdl, apparently, as those in which the disk 
and digestive system were intact. Presumably regeneration would 
take place under normal conditions as it does in the antedons of 
European seas. 



120 Papers from the DepartmefU of Marine Biology. 

SUMMARY. 

1. Individual differences in the responses of crinoids to the various 

kinds of stimiili indicate a complex nervous mechanism and 
forbid any simple explanation of their reactions. 

2. Important differences in the methods of locomotion and of 

feeding show that different groups of comatulids (genera, 
families, orders, etc.) may give quite different responses to 
identical stimuli. 

3. Many comatulids, especially the large multibrachiate species, 

are very sluggish, and the members of the family Comas- 
teridffi do not swim, but only creep about by use of the arms. 

4. Comatulids of the families Stephanometridse, Mariametridse, 

Colobometridffi, and Antedonidse, although ordinarily inactive, 
are good swimmers and do not creep as the usual method of 
locomotion. 

5. It is doubtful if, under unchanged conditions, comatulids move 

about to any important extent, but it is certain that local 
changes can, and do, bring about considerable alteration of 
position and possibly real migrations. 

6. Comatulids at Maer during the dry season are almost exclusivdy 

vegetable feeders, although protozoans form a small part of 
their nourishment. The food is not ingested as dead matter, 
but is unquestionably taken in as living material. Feeding 
is presumably accomplished by means of the ciliated furrows, 
and movements of the arms are certainly not essential and 
probably are not a very important factor. 

7. All the comatulids at Maer are negativdy phototactic. Brightly 

lighted areas are avoided and shadowed or dark places are 
sought. 

8. The comatulids at Maer show marked susceptibility to heat and 

an increase of only 2 degrees produces an evident effect. 
Areas of markedly increased temperature are avoided. 

9. The comatulids of Maer showed no response to a marked decrease 

in the salinity of the water and none to a slight increase of 
the salts. Their reaction to strong solutions of MgS04 is 
noticeably different from that of other echinoderms. 

10. Reactions to strong alcohol or formalin are marked and well 

defined, and normally follow a regular sequence. 

11. Reactions to impure sea-water, presumably to the COs contained 

in it, are slow but sure. An excess of impurity soon produces 
inaction, followed ultimately by complete disintegration. 
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CONCLUSIONS. 

In making my deductions from the observations made at Ma&, I 
wish to emphasise the fact that other species of crinoids, particularly 
members of other families, will probably show quite different and no 
doubt often contradictory reactions. It is also very likely that the 
same species, studied in a different locality or studied at MaSr, during 
the rainy season, would give results in some degree different from those 
I have secured. Undoubtedly our knowledge of the habits of crinoids 
as a class, or even of comatiilids alone, is altogether too slight to warrant 
the drawing of any far-reaching conclusions. Because of this con- 
viction it seems necessary to review Mr. A. H. Clark's paper, aheady 
referred to, and point out what seem to be the mistakes he has made 
apparently from basing his assertions on the study of structure rather 
than on the obs^^ation of living crinoids. 

First, as to the crinoids being, ''as a class," ''probably the most 
strictly sessile* of all marine organisms: Many of them are stalked and 
do not move, and those forms in which the stalk is partially or entirely 
lost in adult life probably move but very seldom, and not at all unless 
under strong compulsion" (1908, Geog. Jour., London, p. 602). So far 
as the stalked forms are concerned there is no little reason for believ- 
ing that these crinoids are rarely attached and are capable of moving 
about. As for the unstalked forms, I think my observations at MaSr 
show that while it is true they are usually inactive under uniform 
conditions, they both can and do move, by either swimming or creep- 
ing. To consider them more ''sessile" than corals, sponges, or bar- 
nacles seems to me absurd. If the reply is made that these groups all 
have active, freenswimming larval forms, which provide for their wide 
distribution, the natural answer is that comatiilids also have them. 

Mr. Clark says of comatulids: "Their free-swimming larval period 
(so far as we know) is of short duration; the larva soon sinks to the 
bottom and becomes fixed." The parenthetical is no doubt the 
saving clause ha«, for, excepting the European species of Antedanf 
there is not a single crinoid of which we know anything whatever about 
the length or habits of the free-swimming larval period.f Of course, 
Mr. Clark's opinions in the matter, based on the examination of the 
eggs of a number of species of comatulids (alcoholic material), may be 
correct, but better evidence is needed to demonstrate that crinoids 
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The idea is apparently not meiely "sedentaiy," but actually "not capable of any eiteaded 
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fElsewhere (Proc U. S. N. M.. vol. 38, p. 213; 1910) Bfr. Clark, while arguing in defense of a 
diiferent aanimption, says that Um spedes "of Tropiom§lra hare a very wide distribution, naoMri 
tating a prolonged free-swimming stage; are we justified in saying that the larv«of 7*r^pi9fiM<ro 
may not turn out to be phitei or something like them?*' If one may argue thus with r e f ere n ce 
to TVofmNNsCro, why not also with reference to the doaens of other genera concerning widcb wa 
are equally ignorant? 
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are essoitially different from the other dMses of echinoderms in either 
the length or activity of their free-swimming Ufe. 

Mr. Clark says of the young of starfishes imd brittle-stars that their 
occurrence in numbers at the surface of the sea ^'indicates a power of 
dispersal quite unattainable by the crinoids/' ILere again we have a 
pure assumption. Starfishes and brittle-stars are more or less abun- 
dant in all r^ons where there are marine laboratories, and we know 
something about the larv» and larvid habits of a few species. Except 
perhaps Misaki, thero is not a perman^it marine laboratory in the 
world where more than a single species of crinoid is aviulable tor study, 
and comatulids are common only in regicms which have as yet been 
hardly touched by the stud^it of echinoderms. It is unreasonable to 
base an argument on what we do not know. 

Further on in his paper (p. 603), Mr. Clark contrasts crinoids, 
as ^'practically sessile" organisms, with sea-urchins, starfishes, and 
brittle-stars. Judging wholly from my observations at MaSr, whero 
moro than 20 species of crinoids, 20 of starfishes, 50 of brittle-«tars, 
a dozen of sea-urchins, and 40 of holothurians w^« collected on the 
reefs, I should say that echini aro the most sedentary (^'sessile '0 of the 
five classes. Certainly nearly all echini, most holothurians, and many 
starfishes aro quite as inactive as the comatulids. Many echini and 
some holothurians live in holes and crovices in rock which aro appar* 
ently prisons and from which they do not, and sometimes certainly 
can not, move. I have nev^ found a comatulid so situated. In this 
connection it is appropriate to quote a pan^raph from a letter written 
by Dr. L. E. Griffin, formerly of the Bureau of Sciaice, Manila: '^I 
saw in ' Science ' that you discovered crinoids swimming at MaSr. One 
I sent you from Culion was a very active swimmer and lived among 
the eel-grass. We have oft^i seen them swimming in the P. I." 

In roferonce to the food of crinoids, Mr. Clark says (pp. 603-604) 
that ''at or near the surface a crinoid must depend upon" small 
pelagic organisms ''which swim within reach of its pinnules or which 
it may interoq)t with the slow motion of its arms." These words 
seem to indicate that Mr. Clark looks upon the food as being captured 
by the crinoid, whereas it appears to be simply a matter of passing 
the sea-water, actually swarming with organisms too minute to be 
individually captured, through the ciliated fiurows to the mouth. 
Mr. Clark goes on to say that "in deeper water," the crinoid would get, 
in addition to this food supply, "all the carcasses" of the organisms 
which die in the water above it. And he concludes : "The intensity of 
this rain of food increases, of course, proportionately with the depth, so 
that the deeper a crinoid lives the greater is the available food-supply; 
consequently, the better nourished is the individual and the greater 
is its sice." (In justice to Mr. Clark it should be added that he sets 
600 fathoms as a limit beyond which this rainfall of dead organisms 
would cease to be available for the crinoids.) 
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The two questions which arise in connection with this original theory 
are: first, is there such a rainfall of carcasses? and, second, if th^^ were, 
would the crinoids use it for food? In regard to the existence of such 
a ''rainfall of carcasses/' there is room fcH* some skq>ticism. Pelagic 
microorganisms appear to live (except when overtaken t^ some sudden 
catastn^he covering a wide area of sea) until eaten by some laigier 
organism. There is little evidence that they die of either disease at 
old age. The material collected by tow-nets, both at the surface and 
at more or less considerable distances bdow it, usually contains a 
surprisingly small amount of dead material (excluding of course dust, 
sand, cha£f, etc., from the shore). 

Mr. Clark recognizes the necessity of some iq)ecial cause for the 
slaughter of the microorganisms and finds it in the decreasing of the 
salinity of the sea-water by supplies of fresh water from mdting ice, 
flooded streams, and torrential rains. With regard to melting ice, 
he ofifers the following illustration: ''The west coast of Greenland 
abounds in fjords which are continually giving off fresh-water ice, 
which floats off melting as it goes, thereby killing millions of small 
organisms which are unable to endure a great change in the salinity 
of the medium th^r inhabit." If the fresh-water ice is "continually" 
given off, it is hard to see how the salinity of the sea thereabouts can 
undergo any "great change." Moreover, how about the long Arctic 
winter, when there is practically no ice movement out of the fjords? 
The intermittent and imcertain aiq>earance of floods and torrential 
rains seems to render them very improbable factors in the wholesale 
death of the plankton, although it is quite possible that occasionally 
they may play the part that Mr. Clark demands of them. 

But even granting the "rainfall of carcasses," there is no evidence 
that it would s^^e as food for the comatiilids among which it fell. 
Judging from the observations at Maer, comatulids live and thrive only 
where conditions permit a very rich v^etable plankton to swarm in 
the water. Where such a plankton exists, no amount of animal matter 
added to it, eithm* dead or alive, will greatly affect the comatulid's 
food. Moreover, crinoids, at least comatulids, do not live lying ex- 
posed, oral side up, on the open bottom of the sea, but are concealed 
under rocks with the oral side down, where a rainfidl of carcasses or of 
oth^ food would scarcely reach them at all. Or they live among 
corals and sponges, so protected that very little of such a supposed 
rainfall would ever reach them. 

Of course, the obs^^ations made at Maer are exceedingly few and 
deal with a small number of species, in a very limited area, but they 
are almost the only facts that have yet be^i published on the subject. 
On a priori groimds, deep-sea crinoids living below the limit of v^;e- 
table life must be animal feeders, but as yet we know nothing as to the 
composition of the food, and th^^ is no reason to suppose it consists of 
"carcasses." 
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Mr. Clark says (p. 606) that very large species of ^'Comasteridse 
occur abundantly in very shallow water, often just below the low-tide 
mark'^ in the tropics. This is apparently true for MaSr, though it is 
not clear what Mr. Clark would call ''very large." But when he says 
that the individuals ''decrease in size with depth/' doubt may well 
be felt. Of course, when a depth sufficient to diminish the amount of 
vegetable plankton is reached comatulids very possibly become fewer 
and smaller. No crinoids weare taken at Maer at a depth sufficient to 
throw any light on this point. It is certainly true at MaSr, as Mr. 
Clark goes on to say, that "the beaches and rocky shores warm up, to 
be covered again at high tide with comparatively cool water full of 
organisms," but when he adds the words "unable to stand a great 
change of temperature," we may well ask for evidence. On the reef 
flats at Maer we found that many organisms living in the area where at 
low tide the water became heated were able to thrive within wide limits 
of temperature. Moreover, as the cold water of the incoming tide 
comes over the flat, it is not appreciably raised in temperature, but 
brings down to its own degree the water, rocks, and sand which have 
been heated. There was never the least evidence of the destruction of 
pelagic life on the reef flat due to heat. But even granting that such 
a destruction does occur, why should Mr. Clark say it would be "swept 
back into the sea, to fall just beyond the low-tide mark?" Would it 
not be just as probably washed up on the beach, dropped on the reef- 
flat, or carried far out to sea by the receding tide, as deposited just 
below low-tide mark? 

In conclusion, on this subject of the food of crinoids, the legitimate 
criticism of Mr. Clark's views may be summed up in this way: While 
there need be no quarrel with his assumption that a big food-supply 
will give rise to big crinoids, as there certainly is such a factor in the 
growth of some species of starfish, it must not be forgotten that it is 
after all only an assmnption. When to this he adds the assumption 
that animal food, especially in the form of a hypothetical "rainfall of 
carcasses," is the fundamental factor in accounting for the distribution 
of big crinoids, we may well become exceedingly skeptical, since the 
evidence obtained at Maer shows that the comatiilids are vegetable 
feeders, and live in such positions that no "rainfall" of food could 
readily reach them. Finally, the assumptions, by which he attempts 
to account for the existence of the hypothetical "rainfall of carcasses" 
in the various regions where the size of the crinoids seems to require 
it, appear to be as dubious as they are ingenious. While fully recog- 
nizing how limited our knowledge of crinoids is, we are obliged to 
maintain that there are few facts known which give any support to 
Mr. Clark's conclusions. 

In his discussion of the colors of crinoids, Mr. Clark has a much 
better basis of fact, but here too he makes certain assumptions that 
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can not be accq>ted. He says (p. 606) that yellow is 'Hhe colour of 
small specimens and of pentacrinoid young of comatulids, with very 
few exceptions." At Maer, a considerable number of small crinoids 
weare collected, the young of Comatvla purpurea and of Comanthue 
annulatunif chiefly. Not one of these was yellow or even light-colored. 
They appeared to be mostly black, but in view of Mr. Clark's statement 
that black is a very rare color among comatulids, they may perhaps be 
called dark olive or dark brown. He adds that ''red is the color of 
all young which are not yellow." One or two yoimg which were red 
were found, but they were very unusual. He goes on: ''The black 
factor in coloration is merely the result of age and nothing more; all 
full-grown crinoids become dusky," except certain ydlow species. It 
must be said that at Ma& many obviously very young comatulids 
were so dark that they weare apparently black, while many full-grown 
specimens were brilliant green or red, with very little or no black. 

Concluding his remarks on color, Mr. Clark claims (p. 607) that his 
analysis of the coloration of crinoids "explains the wide range of hues 
found in these animals; they appear to be merely the result of light, 
which introduces a blue factor on a pigmait primarily yellow, more 
rarely red, plus the effect of the age factor, black. Not only the 
crinoids but all the echinoderms appear to obey this law." It is 
r^rettable that the problem of the coloration of echinoderms is not so 
easy of solution and not so nearly solved as this naive remark of Mr. 
Cli^k implies. It is not difficult to think of numerous cases to which 
his theory would not apply in any way whatever, and while that theory 
may prove of value ultimately in helping us to imderstand the colora- 
tion of certain groups of crinoids, the claim that it is a "law" is some- 
what premature, while the statement that it appears to be applicable 
to all echinoderms is simply preposterous. 
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THE PLUTEUS OF UGANUM SP. 
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The Laganum plutei used for this study were obtained by Dr. D. H. 
Tennent, November 1913, at Badu Islaiid, while with the expedition 
sent out to Torres Straits by the Department of Marine Biology of the 
Carnegie Institution of Washington. I am indebted to him, not only 
for the material, but for constant assistance throughout the work. 

The plutei preserved by him are of two ages, 29 and 55 hours respec- 
tively. The former were fixed in Flemming's stronger chromo-aceto- 
osmic mixture for 6 hours and preserved in alcohol; the latter, which 
were designed solely for study of the skeletal structures, were killed 
in fresh water and preserved at once in alkaline alcohol. 

The 29-hour specimens were used entirely for study of the tissues. 
They were embedded in parafl&n, sectioned, and the sections subse- 
quently stained by Heidenhain's iron-hematoxylin method. The 55- 
hour specimens, which were too opaque for study in the whole mount, 
were gradually transferred to water, left 4 hours in a 5 per cent aqueous 
solution of potassium hydroxide, and after washing an hour, were 
dehydrated and moimted in balsam. This method, which proved 
highly satisfactory for preparing these skeletons for microscopic study, 
was adapted from a process described by Mr. L. M. Peace (5), who 
recommends its employment for clearing opaque plant tissues. The 
chloral hydrate solution suggested in the same aiticle could not be used, 
as it is so strong a corrosive that specimens treated by it became too 
fragile for further manipulation. The potassium hydroxide removes 
just enough of the softer tissues to render the specimen transparent, 
at the same time leaving it sufficiently hard for subsequent washing uid 
dehydration. The latter process was always done on the slide, to which 
the specimen was made to adhere by allowing it to dry slightly while 
in the lower grades of alcohol. 

For detailed study of the more minute structures, such as the entero- 
coeles, it was foimd necessary to use reconstructions, which were 
accordingly made from both longitudinal and transverse sections. In 
addition to those of the whole animal, separate ones of the lumen of the 
hydrocoele and of its lobes were also modeled. For making the recon- 
structions Bom's method was employed, with plates of beeswax 
brought to the proper consistency by mixing with Venice turpentine. 

All of the drawings were made from camera-hicida outlines taken 
with Zeiss objective | and oculars 4 and 6. Figures 4 to 15 were again 
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enlarged with camera drawing magnifying to twice the number of 
diameters. Figures 2 to 15 have been taken from the 55-hour qieci- 
mens, all others from the 29. 

INTERNAL STRUCTURE. 

The body of the 29-hour plutei of Lananum is ovoid in sh^w, in some 
eases ahnost ^herieal, with a flattened or slightly concave anterior 
surface (fig. 1). Two larval arms grow out from a position somewhat 
dcosal to the center of the antero-lateral r^ons. In the 55-hour 
specimens, the body has elongated slightly and the posterior end has 
become somewhat pointed. In the earlier stage the arms extend out- 
ward at an angle of about 60° from the body, while in the older form 
tbcty are more slender and reach upward nearly parallel to each other. 

An opening to the exterior lies in the center or slightly to the right 
of the center of the flattened anterior surface. It may be seen readily 
in the whole mount, but no other 
opening can be observed. The 
animal itself is exceedingly opaque, 
so that no study of the internal 
organs could be made exc^t ia speci- 
mens especially fixed and bleached 
for observance of the skeletal struc- 
tures. Unfortunately, in this de- 
tailed treatment the tissues were 
so largely destroyed that study of 
thran was impossible. 

Among the specimens studied, 
about fifty in all, I have foimd three 
which show interesting variation in 
structure — two with 3 larval arms, 
and one with 5. In the former case 

the third larval arm arises from the fiq. l— LoBonum piut«iu, 29 houn. vi«w«d 
center of the dorsal mannn of the ventwiiy uui lomewiut uittriariy. 

. . _, ,., . ,, , . op^.openiiiBmtoainiiioUoctiTi^. X 190. 

anterior surface, while m the lat- 
ter instance there are, in addition to this one, 2 on each antero-lateral 
margin, one immediately dorsal to the other. All the arms are of 
about the same size, and in other respects the pluteus seems to be nor- 
mal, but Eonce these three specimens were found among those preserved 
eq>eciaUy for the skdetal structure, no further study of the internal 
anatomy could be made. The possibihty exists, of course, that they 
represent the normal development of a later stage, but this scarcely 
seems probable in view of the complex condition already attained by 
the remaining portion of the larval skeleton and the advanced stage of 
development of the echinoid rudiment and permanent skeletal struc- 
tures. 
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INTERNAL ANATOMY. 

THE LARVAL SKELETON. 

The larval skeleton is primarily a paired structure, each half of 
which BupportB one side of the pluteiu. Each portion conmsta emea- 
tially of three parts: a transverse rod lying across the anterior end of • 
the animal; its antero-posterior prolongation in the lateral wall of the 
pluteus; uid a latticed rod supporting the correqxmding larval aim. 

The transverse rods, after crossing the body in about the anterior 
third, bend nearly at right angles, and pass toward the posterior end 
of the phiteus. During their course they send out toward the periphery 



many irregular branches which anastomose repeatedly and gradually 
tonn a close network surrounding the animal on all but its ventral 
surface. The skeletal structure of this ventral region consists mainly 
of a branch from each primary lateral rod, which sweeps around ven- 
trally and may even cross that of the opposite side in the median line 
(fig. 3). These give out similar anastomodng branches, which, how- 
ever, never attain the high d^ree of complexity characteristic of the 
ak^eton in the dorsal r^on. The network becomes finer just beneath 
the ectoderm, into which it projects innumerable short, spine-like 
processes. The skeletal suppOTts of the arms are each made up of 3 
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shnpe rods united at short intervals by mote or less irregular con- 
necting bars (fig. 2). From the nodes short spines project toward the 
periphery. Near the base of the arm these spine-like processes become 
longer and they themselves give out branches which imite with one 
another, so that an irregular lattice-work is formed continuous with 
that in the body of the pluteus. 

In the pluteus possessing 3 larval arms, the transverse rods are 
shorter and are met by a third rod to which those supporting this arm 
are attached. All of these bend downward at their ends, giving off 
long sweeping branches directed posteriorly. In the larva with 5 arms 
there is also a corresponding number of transverse rods. 

THE PERMANENT SKELETON. 
PLATES. 

Although the specimens are all of the same age, a considerable varia- 
tion exists among them as to degree of development of the permanent 
plates, so that I have been able to obtain a series showing more fully 
the early development of these and of the simultaneously developing 
spines than of any of the other structures (figs. 4-16). 

In those specimens showing the most advanced stage of development, 
the permanent skeleton consists of a circle of 5 plates surroimding the 
region where the mouth is to form, one of which lies anteriorly, 2 lat- 
erally, and 2 posteriorly (fig. 16). Outside of these is a circle of 10; 
2 lie back of the anterior, 1 back of each lateral, and 3 are clustered 
behind each of the 2 posterior plates. As a consequence the mouth 
anlage has an eccentric position, somewhat to the anterior of the result- 
ing skeletal structure. The plates are all similar and are those to 
which the first spines are attached. Many of the specimens are in this 
stage and possess 15 spines and plates. But new ones are constantly 
developing which crowd the surroimding area as well as push in among 
those of the first two rows, so that later no definite arrangement can 
be determined. 

Each plate commences as a triradiate spicule (fig. 4), the radii lying 
in the same plane and at angles of 120^ to one another. Afterwards a 
fourth branch arises from the center and pushes outward, and it is to 
this that the spine later becomes attached. Figures 4 to 7 and 10 to 
14 give a series of these developing plates. The 3 primary radii soon 
divide, each time at about the same angle (figs. 5, 6, 10), so that by 
repeated division 3 hexagonal spaces are inclosed (figs. 10, 14). By the 
continued pushing out and rebranching of the racUi a plate like that 
shown in figure 15 is formed. 

SPINES. 

Early in the development of the structure described above, a second 
spicule, with 6 rays instead of 3, may be observed lying near each plate 
and external to it (figs. 5 and 6). Each ray of this new structure soon 
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Floa. 4 to IS. — Seriaa ■howinc davelopmant of plates utd spines of the permanent skeleton at 
Lag a nitm. Figs. 4. S, IS to IS riewed (ron rential surface. 6 to II, from dorsal surface. 
V, IP, f, hraucbea from each of the Mi primary rays, which by luuting with one another and 
with the irtMsl-like structure at theij eitcrior cods, form 6 radiating plates in the baas of Uio 
qiinas; t, S bnncbas of the primary rods which rorm Uie cup-like bavl portion of the spine; 
r, plate 1 ps, portion forming noall aecondary plate which lies between the primary one and 
the Vina; w. portion forming wbed-Uke bus ot the ipiDe. Wi^. 4-10, X4ee. Figs. 13-1$, 
X3flO. 

Fio. 1ft. — Pamanent pWea and apinea viewed from the oral aurfaee, showing thsir oharaoteriatie 
•irancMttent around the anlage o( Iho adult mouth, m. «. p., adult plate; «.■., adult spine. 
X3IU. 
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develops a knob-like tip (fig. 7) which spreads laterally until it meets 
and fuses with those of the adjoining rays. GraduaUy a whedL-Iike 
structure is formed (fig. 9). Figure 8 represents one at a sKshUy 
earlier stage. 

From the center of this structure there has already grown out in 
each direction a calcareous rod in the position of an axle (figs. 7, S). 
The one which points internally sends out at its tip a mass of irregular 
branches which lie in a plane parallel to the wheel (figs. 8| 9, ll, sp.), 
and which unite to form a small plate below the spine (figs. 12, 13, 14, 
sp.). The rod that has grown out from the center of the original 
plate now fuses with the base of this structure (fig. 13), so that the cal- 
careous part of the spine is united with the permanent plate of the 
developing embryo. 

The rod which pushes out externally from the wheel divides into 6 
branches that grow up into a cup-shaped structure (fig. 11); each of 
these now sends out externally 3 branches, the lowest of which bends 
downward and joins the wheel at the end of a spoke (fig. 13, &s). The 
uppermost of the three grows downward to meet the second and it in 
turn sends down a branch to meet the third. Meanwhile each of the 
original 6 rods has begun to elongate and to send out branches right and 
left at regular intervals, which meet those of the adjoining rods. This 
forms the lattice-like skeletal structure in the developing spine (fig. 16). 

THE ANfNIOnC CAVITY. 

In the younger of the two stages studied, the embryo forms but a 
small part of the pluteus, while the amniotic cavity, crowded with the 
developing spines, occupies the greater portion. Just how this cavity 
has developed it is impossible to state, since I possess no stages young 
enough to show it in the process of formation, but it seems possible 
that it has grown in from the ventral surface by a process of involution, 
gradually pushing back the gut which may already have lost its con- 
nections with the exterior. Figure 20 shows a median sagittal section 
of such a pluteus. The external opening leads directly into the amni- 
otic cavity, which at this stage is filled with about 15 spines in various 
stag^ of development. This opening apparently does not close over, 
since it is still present in the 55-hoiu* sti^e when the spines are now 
pressing closely against the exterior wall of the amniotic cavity. There 
is no indication of the formation of a mouth. 

In correlation with the unusual position of this cavity, the echinoid 
rudiment, instead of occupying one side of the pluteus as in other 
described forms, now becomes pressed back to a central position with 
the amniotic cavity surrounding aU but its aboral surface, so that the 
dorsal surface of the pluteus forms the aboral surface of the adult. 
The opposite wall of the embryo, separating it from the amniotic 
cavity, becomes the oral region, and in it the permanent plates develop. 
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encircling a region slightly anterior to the center, beneath which lies 
the ring of the hydrocfsle. Kere, then, the adult mouth is evidently 
to fonn. 

The wall of the amniotic cavity is composed of 2 layers of tissue 
which are continuous with each other around the extmial opening. 
They consist of an inner layer of large irregular cells, and an outer 
epithelium of cylindrical cells with darkly staining nuclei, usually 
ffltuated well back toward the base of the cell. In the inner layer the 
cytoplasm is clear, and takes the form of a loose, irregular meehwork; 
in the outer it is opaque and is crowded with pigment granules exterior 
to the row of nuclei. Occasionally, however, large areas may be found 
in the outer layer, within which the cytoplasm contains many irregular 
vacuoles, indicating that posfdbly the wall of the amniotic cavity is 
b^inning to break down. 



Pn. 17.— TmwvtoM mo- 
tioD througli uitvior put 
of body, ■howing two 
Mitarior primary tenU- 
el««. «^., HiUrior «a- 
(erooole: P, P. himao of 
lobM 3, 3, ol hydroecde: 
IP, apins; f, (*, tanUda* 
2. 3. X 233. 



Histolo^caUy, the spines also are composed of 2 layers of tissue. 
The inner central one forms a core in which the cytoplasm possesses a 
large iir^^ular meshwork. In ihe outer the cytoplasm is denser and 
crowded with pigment granules, and the nuclei stain more heavily 
with the hematoxylin. Between these two layers lie well-develop^ 
longitudinal bands of muscle. Within the spines were ori^ally the 
skeletal supports described above, which have been destroyed in these 
specimens by the fixing fluid. 

THE ENTEROOELES. 

Within the embryo, transformation from larva to adult ia already 
beginning to take place. The gut has lost ita (^wning to the exterior, 
the left posterior enterocoele ia definitely constricted from the anterior, 
and the hydroooele with ita 5 primary tentaclea is already in an ad- 
vanced stage of development. 
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The gut is markedly compressed dorso-ventrally. There is no defi- 
nite divMon into cesophi^us, stomach, and intestine, although its 
much greater size in the central region indicates the probable location 
of the stomach. At the anterior end the tube tapers more gradually 
than at the posterior, where it retains a tendency to curve somewhat 
toward the ventral surface of the embryo. The gut is lined with a 



Fm. 18.— TnoBvene aao- 
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Urior to Uut rapranntod 
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and fourth tentaclea cut 
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Fia. 19. — Tnosverte sec- 
tioD throu^ poaterior 
part of embryo, a.e., ao- 
terior enteroooele; 0, KUt; 
f, lumen of lobe 6 of hy- 
drocffile: p.e., poeterior 
mteroomle; tp., apine; 
f, tentMle 6. 



single layer of cylindrical celts with clear cytoplasm and centrally 
located nuclei. The lumen is entirely closed and there is no indication 
of communication with the exterior. 

Anterior to the stomach, and bending down over it, lies the undivided 
anterior enteroccele. It is composed of an exceedingly thin layer of 
cells which lies flatly pressed against the adjacent tissues, except where 
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the large, darkly stained nuclei bulge out promineDtly into its cavity. 
The lumen is largest at the right and left sides of the gut, while in t^ 
Tegftm of the mid-line, dorsal and ventral to the stomach, the entero- 
ocBle is so compressed that the walls often lie in actual contact. In 
many of the specimens, moreover, it does not completely surround the 
gut, but is interrupted by a strand of cells connecting the stomach with 
the aboral wall of the embryo. This commences slightly to the left of 
the midline at the anterior end of the stomach, and gradually curves 
to the left side as it approaches the posterior. That this meeent«ry-like 
structure is not a permanent one is shown by the fact that in many of 
the specimens, especially those showing a slightly more advanced stage 



Via. 20.— UadiM Milttal 
Mction. «.<.,aDUrior«(t- 
Wooole; t, pit; k, igf 
dnxxBle; f, lunum of IoIm 
5 of bydiwKela; m, op«o> 

log into «inninrt>. caTJQr; 

(p., viDs; t*. UnUde S. 



of development, it is entiidy lacking and the lumens of the right and 
left lobes of the enteroecele communicate freely around the dorsal 
side of the stomach. Figure 20 shows a specimen in which the tisme 
is especially well developed. 

Conadering the fact that the enteroecele is as yet undivided, the 
bydroccele has attained a remarkably advanced stage of development. 
Tlie ring is well formed, and in some cases closed. It occupies a pom- 
tion ventral to the anterior portion of the gut, in the mid line. It is 
composed of small, cuboidal cdls with dense, rather opaque cytoplasm 
and conspicuous nuclei, and contains a small but d^nite lumen. There 
are 5 prominent lobes which have already differentiated into the well- 
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developed primary teatacles. In thia stage these are spherical or 
sli^tly elongated structures which take up the stain and retain it 
much more tenaciously than do any of the other tissues. The small, 
round lumen lies well to the dorsal side, where Uie wall is conq)osed (rf 
a single layer of cells. 

The fifth lobe of the hydroccele is the most posterior, and lies directed 
downward opposite the posterior end of the stomach (fig. 20). The 
second and third are the most anterior, and lie side by side near the 
anterior tennination of the gut. They are directed anteriorly and 
somewhat Uterally. Figure 17 shows a transverse section pasang 
through the two corresponding tentacles, and consequently gives a 
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slightly oblique section of the lumen. The fourth lies on the right side 
of the embryo between lobes 3 and 5, and is directed laterally and some- 
what posteriorly. The first is situated opposite it on the left side of 
the median line. Figure 18 shows a transverse section through the 
embryo at such a level as to cut through the anterior portion of the 
first and fourth tentacles and the posterior part of the second and third. 
The pore canal is given off from the hydrocoBle ring between lobee I 
and 2. It passes dorsally toward the wall of the stomach, where it 
turns to the left and, circling around that organ, takes a course at first 
directed posterioriy and then dorsally until it reaches the aboral wall 
of the embryo, where it opens upon the exterior. The pore canal is 
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DISCUSSION. 

The development of Laganum^ while conforming essentially with the 
general method of growth of other echinoderms, possesses many inter- 
esting differences as to details, as may be seen even in an investigation 
necessarily as incomplete as is afforded by a study of one period of its 
life-history. 

RATE OF GROWTH. 

One of the most unusual features of the pluteus under considera- 
tion is its rapid rate of development as compared with that of other 
described forms. In Echinocardium, ccrdaium, (MacBride 4) the first 
trace of the ''Echinus rudiment" — ^that is, the lobe of the enterocoele 
representing the rudiment of the water-vascular system and the invagi- 
nation of the ectoderm subsequently forming the amniotic cavity — 
occurs when the animal is 9 days old. By the tenth to the twelfth 
day the "hydrocoele has become marked into incipient lobes which are 
the rudiments of the radial water-vascular canals and of the primary 
tube-feet of the adult/' and at 18 to 22 days the formation of adult 
spines commences. Echinus esciUentus (MacBride 3) requires norm- 
ally 16 to 17 days to attain a stage of development corresponding to 
that of Echinocardium ccrdaium at 9, while the spines of the adult do 
not appear until the thirty-third to the thirty-sixth day. In Echino- 
cyamua pucHlus (Th^el 7) the primary tentacles are well formed at 
12 days, and shortly afterward the calcareous plates and skeletons of 
the spines are laid down. In Taxopneustee (Tennent, unpublished 
notes) while the early development is comparatively rapid, the "Echi- 
noid rudiment" is not well formed until about the twenty-fifth day. 
In Laganum, at 29 hours, the hydrocoele ring is already closing and its 
lobes have differentiated into the primary tentacles. The amniotic 
cavity occupies a large part of the pluteus and is crowded with well- 
developed spines. At 55 hoiurs the entire oral surface is covered with 
permanent plates bearing the skeleton of the spines, while the larval 
skeleton has attained a stage of wonderful complexity. Other forms of 
approximately the same age are in the early stages of larval devel- 
opment. Echinocardium cordatum (MacBride 4) at 30 hours has 
merely completed gastrulation, while Echinus esciUentus (MacBride 3) 
at 1 day has just become a fully formed and free-swinmiing blastula. 
Toxopneustes (Tennent 6) reaches the pluteus stage at 24 hours. 

FORMATION OF THE ANfNIOTIC CAVFTY. 

The amniotic cavity, as stated above, is already present in the 
earliest stage of my material, so that necessarily no positive statement 
as to its method of formation can be made. Althou^ the possibility of 
a lateral invagination and a secondary shifting is not absolutely ex- 
cluded, the unusual position it occupies and the position of its external 
opening permit the supposition that it may have developed in a manner 
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unlike that described for other related forms. Goto (2), in discussing 
Asterias paUidaj has maintained that " the plane of bilateral symmetry 
of the adult coincides with that of the larva, and that the oral side 
of the former is the anterior side of the latter and the aboral side the 
posterior." This is almost the case in Lfoganumf where the anlage of 
the mouth of the adult is located in the anterior part of the ventral 
surface of the larva. In Asterias paUtda this condition comes about by 
a gradual growth of the organs of the left side towards the median line. 
If the amniotic cavity of Laganum is formed in this manner it must be 
accomplished at an exceedingly early period, since in the specimens 
under observation no trace of any such previous condition remains. 
Moreover, if the formation of the amniotic cavity has been accom- 
plished by a sq>arate invagination from the left side, the subsequent 
q;>ening of the mouth into it presents an additional vexatious question. 

THE ENTEROCXELES. 

The median position of the hydrocoele is also in striking contrast with 
the location of the correq>onding structure in other echinoderms, in all 
of which it is described as lying on the left ade. Since in this stage of 
Laganum all connection of the hydrocoele with the anterior enterocoele 
has been lost and no direct evidence remains as to its mode of develop- 
ment, it seems unwarranted to ascribe to it an origin differing from that 
of other known forms. The structures that I have called the posterior 
enterocoele are still more unusual, not only on account of their different 
positioui but also because of their striking disdmilarity in form from 
those of other plutei. Thqr lie as two entirely separate spherical 
vesicles, ventral to the stomach on either side of the posterior lobe of the 
hydrocoele. That they have had a common origin seems highly prob- 
able from their close resemblance to each other as well as from the fact 
that they stand in similar relation to the spines on the oral surface of 
the embryo. In many instances these spines, pasang directly through 
the wall intervening between the embryo and the amniotic cavity, lie 
with their tissues in direct contact with the lumen of the vesicles. The 
same condition occurs in forms where one of the vesicles has divided, 
and from the smaller anterior one other spines seem to emerge. 

That no structures are present correeponding to the right hydrocoele 
and right posterior ent^xxBle is rather remaricable conadering the 
advanced stage of development of those of the opposite side. The 
undivided condition of the anterior enterocoele is less unusual, though 
not of common occurrence in other closely related forms. According to 
Bury (I), Echindds and Ophiurmds possess two separate enterocceles 
which lie at the ades of the oesophagus. Moreover, among the Asteroids 
the same condition obtains in the Bipinnaria. However, in the older 
stages of these fonos a secondary fusing often occurs, especially in the 
region of thepreoral lobe, so that a common cavity comes to be present. 
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In Asterina (Bury, 1), while the anterior enterocoele is es06otiaUy a 
double structure, there are three communications between them — a 
ventral just below the hydrocoele and two dorsal, oae just above the 
hydrocoele and a second behind the pore. In Laganumf although the 
body of the embryo is compressed dorso-ventMfly and the lumen of 
the cavity in that region is consequently very narrow, there seems 
to be no separation of the right and left portions into distinct lobes. 

BILATERAL SYMMETRY. 

It is evident that in Laganutn there exists a bilateral symmetry not 
characteristic of other forms of echinoderm larvse at a corresponding 
stage of development. The cavities of the anterior enterocoele at 
each side of the gut are usually of about equal size and extend approxi- 
mately the same distance towards the posterior end. The ring of the 
hydrocoele lies immediately in front of the centrally located gut, and 
its lobes have a perfect bilateral symmetry with regard to the median 
plane of the animal. On each side of the posterior primary tentacle lies 
one of the vesicles which together represent the posterior enterocoele. 
The only interruption of the bilateral ssrmmetry is caused by the pore 
canal which, arising from the left side of the hydrocoele ring and circling 
around the gut, opens to the exterior, well to the left side of the pluteus. 

Whether this sjrmmetry, which has not been described for so late a 
stage of the echhioderm, is a primary or a secondary development 
could of course be definitely determined only by a study of earlier 
stages. But, however this condition arises, it is evident that we have 
here a form unusual not only in regard to this characteristic, but also 
in respect to other fundamental properties, such as the rapidity of early 
growth, the great complexity of the larval skeleton, the formation of 
the amniotic cavity from a central invagination, the entire absence of 
right posterior enterocoele and hydrocoele, and the complete constriction 
of the left posterior enterocoele into two separate vesicles. 

Brtn Mawr College, January 8^ 1915. 



BIBLIOGRAPHY. 



1. Burt, H. Studies in the embryology of echinoderms. Quart. Joum. Mior. Sd., vol. 29. 1889. 

2. Goto, S. The metamorphosis of echinoderms, with q;>eoial referenoe to the fate of the body 

cavities. Joum. CoU. Soc. Imp. Univ., Tokyo, vol. z. 

3. MagBbidb, E. W. The development of Bchinut eteulentui. Phil. Trans. Roy. Soc., vol. 

Gxov. 1903. 

4. MacBbxdb, E. W. The development of EekinoeaTdium oordatum. Quart. Joum. Micr. Soi., 

vol. 59, N. S.. No. 236. 1914. 

6. PiUGBfL. M. Clearing and staining leaves and stems. Plant World, vol. 13, No. 4. Apr., 1910. 
0. TamnsMT, D. H. Echinoderm hybridisation. Camegie Inst. Wash. Pub. No. 132. Jan. 1911. 

7. TbAbl, H. On the development of Behinocyamui piuiUus, Nova Acta. R. Soc. Sd., 

Upsala. 1892. 



m 



VI. 



THE PERMEABILITY OF CELLS FX)R ACIDS, 

BY E. NEWTON HARVEY. 

lostnidor n Phyiiolofyt PmoctoQ 



143 



THE PERMEABILITY OF CELLS FOR ACIDS.' 



Bt E. Niwton Habtbt. 



The results of researches on the permeability of cdls for alkalies, 
using the ccdor change oi an indicatori neutral red, within the cell as 
a convenient method of detecting penetration of the alkalii were pub- 
lished^ by the present author in 1911. Bethe' and also Warburg* had 
used the same method for certain of the alkalies, although I was un- 
aware of their experiments at the time. Bethe likewise found that if 
medusse (Rhyzostoma) are stained in neutral red, they become orange 
red in color and if HCl is then added to the sea-water the orange red 
does not change to bright red until the tissues are killed. In the 
meantime, loss of irritability on the part of the muscles has occurred 
while the neutral red dye is still orange red in color. In my escperience 
neutral red has always been taken up by cdls in a bright-red condition, 
so that acid, if it entered the cell, would produce no further marked 
ccdor change. I have found it likewise impossible to stain living cdls 
with any other dye which will act as an indicator for add. 

Plant cells containing blue or purple anthocyan pigments will turn 
red in acids, and Pf^er^ found that purple Trade^caniia or Ptdmonaria 
cells become red in an ''&usserst verdihmte" solution of HCl, HfSOi, 
and acetic add, and the purple color returns when the add is washed 
out; nor is the cell killed, as protoplasmic rotation also returns. The 
same result has been obtained by Ruhland.* It is difficult to judge 
of these results because exact molecular concentrations are not given, 
but they seem opposed to Bethels experiment on medussB. Plant 
pigments are difficult to work with for two reasons: (1) The plant cell 
is usually cuticulariied and is not readily wet by the acid solution; 
(2) anthocyan pigments are not equally sensitive to both weak and 
strong adds. 

The experiments recorded in this paper were all made with the tissues 
of a holothurian, SHchapus ananas, the ''prickly fish" of the Beche 
de Mer or Trepang industry. A concentoated solution of dark-red 
pigment is found in irregular sacs or bodies of unknown nature just 
under the epithelium of practically all the internal organs. It is 
eq>edally abundant on the gonads, although the eggs and sperm cells 
are colorless. Living portions of the testis stained in Schndder's 

>Contributk»M from the Torrw StniU Bspedition of the CaniAcie Inidtation of WMhingtoa 
and the PhyiiofecioAl Labontory of Prinoalon UniTonity. 
tjoom. Exp. ZooL 10, p. 507, 1911. See also Caniegie Inst. WmK. Pub. No. 183. 
•Pflugv't Aiebhr, 127. p. 201. 1900. 
«Zeit. f. Phyiiol. ClMm., 00, p. a06. 1910. 
K)motieelie UntenodiaiifeQ, p. 140, 1877. 
•Jabrb. f. WiM. Bot., 40. p. 1. 1008. 
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aceto-earmine show regular epithelial nuclei and just below them the 
pigment bodies which have no special nuclei connected with them. 
Whatever their nature, acid must diffuse through an epitheUum of 
living cells to reach them. So long as the cells are living the pigment 
remains in them, but if killed by heat or distilled water or chloroform- 
saturated sea-water or acid or alkali, the pigment passes out, i. e., they 
cytolyse and, as in so many other pigment-containing cells, the coloring 
matter diffuses away. 

The chemical nature of the pigment is unknown. It is water soluble 
and fairly imstable, decomposing into brownish compounds at 100^ C. 
If dissolved in sea-water and HCl is slowly added, it changes in color 
from dark red to orange when the concentration of acid becomes 
n/1000 to n/500. The color change is very nearly but not quite as 
mailed in a weak acid like butyric. On the addition of alkali the color 
becomes purple. Moeeley^ in 1877 described a similar if not identical 
pigment from crinoids dredged in the channel between Cape York and 
Albany Island, Australia, and also from a deep-sea holothurian of 
the South Indian Ocean. He called the pigment antedonin and I 
shall adopt the same name. The echinochrome of MacMunn^ and 
McClendon' is no doubt a closely related pigment. 
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In the following experiments small pieces of the branched filamentous 
testis were used. Acid was added to a neutral artificial sea-water of the 
following composition, m/2 (100 NaCl+2.2 KCl+2CaClt+10MgCl2), 
until the proper concentration of acid was obtained. Oxalic acid pre- 
cipitates the Ca so that this acid was added to m/2 NaCl. 

A study was first made of the penetration times of a weak (butyric) 
and a strong (HCl) acid in different concentrations into living and dead 
tissue. The results are given in table 1. The tissue was killed by 
half-minute immersion in chloroform-saturated sea-water. Under 
these conditions the pigment begins to diffuse out of the cells, but 
in each case the acid penetrates before the diffusion is nearly complete. 

It will be noted that the living tissue is decidedly resistant as com- 
pared with the dead, and that the resistance varies with the acid and 
with the concentration of acid. Note that butyric acid in n/20 con- 

H^uart. Journ. Microe. Soo., 17, p. 5, 1877. 

*Quart. Journ. Mioros. Soo., 26, p. 400, 1886; 30, p. 61, 1880. 

Mourn. Biol. Cbem. 11, p. 436, 1012. 
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centration enters more rapidly than hydrochloric^ but in n/40 concen- 
tration the reverse is the case. 

Why does one acid enter more readily than another? To study this 
question we must determine the penetration rates of a large series of 
acids and compare them with such physical properties as degree of dis- 
sociation, power to lower the surface tension of water, solubility in 
lipoids, adsorbability by solids, etc. A comparison of this kind follows 
in table 2. All the acids enter in less than a minute if the tissue has 
previously been killed. 

Rate of penetration into the testis of the ''prickly fish'' was deter- 
mined from n/100 concentration of acid. 

Percentage dissociation is calculated from Ostwald's^ conductivity 
figures, and surface-tension values are taken from TraubeV results. 

By lipoid solubility is meant solubility in substances of fatty nature 
or fat solvents — olive oil, lecithin, benzol, etc. As a measure of lipoid 
solubility I have determined the partition coefficient of adds between 
xylol/water from n/10 and n/100 concentration of acid. 25 c.c. of 
approximately n/100 acid were shaken with 25 c.c. xylol. Equili- 
brium is rapidly attained. The normal concentration ci the acid was 
exactly determined before shaking and after shaking by titration. 
The difference is the normal concentration of acid in the xylol 

Cone, in xylol layer ^^^.^^ coefficient, 
(jonc. m water layer 

The determinations were only iH[>proximate, as no thermostat was 
used. The temperature was about 20^C. As indicated in the table, 
most of the acids will not pass to xylol from weak concentration in 
water. The values for the partition coefficients between olive oil and 
water were very kindly given me by Dr. Hardolph Wasteneys, of the 
Rockefeller Institute. The olive oil contained oleic acid equal to 
2.3 c.c. n/100 alkali per 100 c.c. and was shaken for 15 hours with the 
acid solutions. The figures for adsorbability are from Appleyard and 
Walker's* experiments on silk. They represent the percentage of acid 
adsorbed from 100 c.c. n/64 add by 3 grams of silk after 42 hoiurs at 60^. 
The limit of error is one. Freundlich^ gives a similar series for adsorp- 
tion by animal charcoal. 

Since the testis epithelium of the ''prickly fish" is a passive tissue, 
the toxicity of the acids could not readily be determined on it. The 
cilia of the palps of the giant clam, Tridacna gigas, very common 
along the Great Barrier Reef, were therefore used for this purpose. 
To 50 c.c. artificial sea-water was added respectively 0.1, 0.2, 0.3, 0.4, 

H>rganie rndda. Abb. d. Sachs. 0«8. d. WiaseoMb., 15, p. 97, 1887; inorgAoie ftoids in Jouro 
PftM. Chcm., 32. p. 300, 1885. 

'Bcriohto d. d. Cbem. G«s., 17, p. 2204, 1884; Verb. d. d. phyakal. Gea., 10. p. 880, 1908; 
liefaic'i Amialen, 255. p. 27. 

*Joam. Chflm. Soe., 59. p. 1334, 1895. 

«Zcit. Phyrik. Cbcm., 57. p. 385, 1907. 



Papers from Me Department of Marine Biology. 



mimi 



iimjMMkik 









ifeilijMjIiiijaii 



»"BSS 8 8 3 



1 1 1 i s I II 



The PermeabOUy of COU far Acids. 149 

0.5| 0.6, 0.7, 0.8, 1.0, and 1.2 c.c. n/10 acid, and the concentration noted 
in which movement of the cilia ceased in ^ hours. To make sure that 
the cilia had been really killed and not sinq>ly stopped by the acid, as 
observed by Barratt^ on Paramecium, it was found necessary to stim- 
ulate them mechanically. 

In table 2 the acids with nearly the same ^ect or property are 
arranged in groups and in an order to correspond as nearly as possible 
with the penetration series. An asterisk marks the acids which are 
markedly out of place in the series. The following acids were studied : 

Bensoio, CiHi CXX)H " Beni. 

o-SftlioyUo. CtH/)H OOOH - SaUo. 

io-AnuDO benioie, C^HiNHs CXX)H). 

Formie, HCXX)H " For. 

Aoetio, CHt CXX)H " Aoei. 

Propionie. CHt CHa OOOH " Prop. 

M^Butyrie, CHi C% Cl^ CXX)H " Boty. 

iw>-valflrie. (CHah CH CHt COOH - Val. 

(Caproie. CHt C% C% CHs CHa COOH). 

MoDodklorAoetao, CH«a COOH " Monoe. 

Didiloraeetie, CHOt COOH " Die. 

TriehlonMsetio. CCli COOH - Trio. 

Hydioohloric, HCl « Hydroo. or CI. 

Nitrio, HNOi - ^itr. or NOi. 

Sulphuric, H^04 - Sulph. or 80«. 

Phosphoric, HaPO« « Phos. or P0«. 

Oulie. (COOH)t - Oud. 

Makmic, CHa(COOH)fl - MaIoii. 

(Sucoinie, CA (COOEOt). 

GlyooUc. CHiOH COOH - Qlyeol. 

tf-and (-Lftotic. CHiCH OH COOH » Lm. 

Mdalio. CHfCHOH (COOHH - hUl. 

4l-Tartario. CHOH CHOH (COOHH - Tart. 

Citric. C% CHOH CH| (COOH)t - Cit. 

Maleic. CA (COOHH - Mal«io. 

Fumario, CtHs (COOHH - Fum. 

The toxicity and effect of adds on many biological processes has been 
worked out, and for the sake of brevity the results have been condensed 
and recorded in table 3 for ready comparison with the results in table 2. 

It will be noted, from table 3, that there is no agreement between the 
series of acids arranged in order of efficiency in affecting various tissues. 
Take, for example, toxicity. We might expect different organisms to 
vary in resistance to the same acid but the series of adds should be the 
same. That is, however, not the case, as a comparison of the toxicity 
for Paramcdciumf for LupimAS seedlings, and for the cilia of the giant 
clam (table 2) will show. We can, therefore, state relaticms in only a 
very general way. There is a general relation between the toxicity 
for Lupinus and the giant clam, but it is not exact. 

Similarly, exceptions are noted when we compare the physiological 
effect of the adds with their physical properties. One oi the closest 
parallels is between the efficiency of an acid in causing membrane 
formation in the egg of the sea-urchin and its effect in lowering the 

^Zait. f. Alkg. PhyrioL. 4, p. 441, 1904. 
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surface tension of water. The rdation was pointed out by Traube and 
supports his theory that the more a substance lowers the surface tension 
of water, the more readily it will pass into cells. Loeb had previously 
pointed out that the more lipoid soluble acids were most efficient in 
membrane formation, and suggested lipoid solubility as the determining 
cause of efficiency. Both of these views assume, of course, that the 
adds to produce their effect must enter the cells. The ability of acids 
to change negatively heliotropic to positively heliotropic copepods 
seems to depend likewise on either their surface tension or their lipoid 
solubility. On the other hand there are certain effects of acids which 

Tabui 3. 
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KNwjhin (t) 

Prop. >Aoetie (7) 
> For. (?) 

SaUe. 

fi Ozy4mtyrie. 



M/1600 



Tart. 
Soce. 

atr. 

l/lOO /NOt. 

(a. 

nO. SOi. 



O xyi aobutyrie. 
OxaL ] 



Only the 

a|i of 
nfen 



>Cone. which Just kille in 7-30 min.; after Barratt, Zeit. f. alleg. Phywol , 4. p. 441, 1004. 

•Cone, which lust eaueee hamolyeia. FUhner u. Neubauer .Areh. f . ezp. rathol., 56, p. 333, 1007. 

•Cone, which Juat preventa growth. Kahlenberg and True, Hot. Qas., 22, p. 81, 1896. 

<Loeb, Bioe. Zeit., 23. p. 05. 1909. 

•Loeb. Pfluier'i Arohiv, 69, p. 1, 1807, and 71. p. 457. 1898. 

•Loeb. Bioc. Zeit.. 15. p. 255; 1909. and Loeb. Artificial Parthenofeneeis and Fertiliaation. p. 143. 1913. 

seem to depend on the strength of the acid, for instance the hsemolysis 
of blood corpuscles, if we can judge from the few results of Fuhner and 
Neubauer; also the absorption of water by muscle. In these pro- 
cesses capillary activity and lipoid solubility play a subordinate r61e. 

Turning now to a comparison of the penetration rate into the tissues 
of the "prickly fish" with the physical properties of the acids we find 
again that there is no exact agreement in any case (table 2) . Degree 
of dissociation is certainly not the determining factor in penetration, as 
a glance at the table will show. No one can deny but that there is a 
certain correspondence between lipoid solubility and capillary activity 
and penetration rate, yet it is far from exact. With acids as with so 
many other classes of substances it is only true in general that those 
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compounds most soluble in lipoid penetrate most readily. This can 
only mean that more than one variable is concerned in determining 
the rate of penetration of an acid. Before discussing the second vari- 
able involved let us consider the facts in regard to the penetration of 
the alkalies. Note also from table 2 that the series for adsorption by 
silk is somewhat similar to the series for penetration rate. 

Table 4 sununarizes the effect of alkalies, and indicates their division 
into two very distinct classes, the strong and the weak. The strong 
always meet a marked resistance at the cell-surface ; the weak meet with 
absolutely none and enter the cell instantly. Ability to penetrate the 
cell determines the toxicity of the alkali. Hence the anomalous fact 
that the weak alkalies are most toxic. 

Tabui 4. 



Strong diiiodited inorgMiie hydroiidUi, iimhiding 
letrMthylHuninoiiiuin hjrdrozkfe. 



N(CiH»)«OH.N«OH. 
KOH. GA(OH)t. 



B«(OHk 6r(OH)«. 



weak alkantMi methv 
dimethyl, etharl, and 
propyl eminee 



yJ. 



stroDgfar diHoetated 
k^SSm. NH«OH 
•nd trimetliyl ftmiiie. 



Penetration very ilow. 

Lenet tozio. 

Aoeelerate oxidation 



Penetration ilow. 
LeM toxie. 



Penetration very rapid. 
Moet toxie. 
Aoeelerate oxidation 



Penetration wy rapid. 
More toxie. 
Aooelerate oxidation 



Leaet efficient in caiMing 
derelopment.* 

Lipoid ineoluble. 
Capillary inactive.* 



Moet efficient in eanajng 
derdopment.* 



lipoid loluble. 
Capillary aetire. 



LeM efficient in cmuang 
developnient.' 



^Acceleration of rate of oxidati<Hi in unfertilieed eea-urdun 
■Efficiency in artificial partbengpeneaae of the aea-vrehin 
tiliiation, p. 140. 1913. and Joum. Exp. Zool.. 13. p. 577, 1912. 
*». e., do not lower the eurface teneion of water. 



. Loeb. Joum. Biol. Chem.. 14. p. 357. 1913. 
Loeb. Artificial ParthoiwwneMi and Fer- 



Two subclasses may be distinguished under each class. If the alkali 
is a weak alkali, t. e., belongs to the class readily penetrating, it will be 
more toxic the more highly dissociated it is. If the alkali belongs to the 
class of strong non-penetrating alkalies its toxicity will depend on the 
specific nature of the cation just as in the case of a salt. Ba(OH)s and 
Sr (OH)iare more toxic than NaOH,KOH, Ca(OH)j,and N(C,H04OH. 

As shown by Loeb, efficiency in causing artificial parthenogenesis 
of the sea-urchin egg and in accelerating the oxidations in the unfer- 
tilized sea-urchin's egg run parallel with toxicity, t. e., penetrability is 
a determining factor and degree of dissociation a secondary one. 

Finally the difference between the two classes of alkalies is so 
marked that it seems better to speak of a resistance rather than a 
permeability of the cell-surface for the strong alkalies. The normal 
high resistance of the cell surface must then be altered by the alkali 
before it can enter the cell. Consequently we find that once a strong 
alkali has entered a cell, the cell is irreversibly injured, is, in fact, killed. 
Many functional activities of a cell (for instance ciliary movement or 
muscle contraction) cease before the strong alkali can enter. On the 
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other hand, the weak alkafiee penetrate without afifecting the surface, 
without killing the cell, and before functional activity is appreciably 
afifected. The easily penetrating group of alkalies are also lipoid 
soluble and active in lowering the surface tension of water. Data for 
a quantitative comparison with lipoid solubility and ci^illary activity 
are not available at present. 

On comparing the acids with the alkalies several facts of interest 
appear. The acids form a series much more evenly graded in prop- 
erties. Consequently, two classes of acids, easily penetrating and 
difficultly penetrating, are not so easily recognized. The acids which 
correspond to NH4OH and the amines, the lipoid-soluble acids, are 
benzoic and salicylic with possibly valeric. The remaining acids all 
meet a resistance at the living cell-surface (abolished on death of the 
cell) which varies specifically with the acid. Once the pigment is 
turned red orange by the acid, removal of the tissue to sea-water does 
not reverse the color change. The tissue is also killed and the pigment 
diffuses away. Since the testis epithelium is an inert tissue, t. e., 
contains no cilia or other indicators of fimctional activity, the relation 
between entrance of an acid and change in functional activity could not 
be observed. 

^th acids as with alkalies ability to penetrate the cell-surface 
appears to determine the toxicity of the acid. I am inclined to think, 
but can not be certain of this, that, as in the case of the strong alkalies, 
the lipoid-insoluble acids must destroy the normal impermeability of 
the cell-surface before they enter. The most toxic of the lipoid-insol- 
uble acids would therefore be those which destroy the surface most 
rapidly, and they would penetrate the cell most readily for this reason 
also. Destruction of the cell-surface appears to depend largely on the 
strength of the acid, t. e., its ability to combine with proteins of the 
cell-surface, but in part also on some specific, as yet unrecognized, 
peculiarity of the acid anion. 

A few remarks in regard to Traube's Haftdruck theory may not be 
out of place. This theory depends essentially on the Gibbs-Thompson 
principle that a substance tending to lower the surface teniuon of water 
will collect in the surface. If a membrane is at the surface the sub- 
stance will tend to pass the membrane, and always in the direction of 
the solution with the greatest surface tension. Difference in surface 
tension, ^'Oberflaschendruck" or ^'Haftdruck," determines the direc- 
tion and velocity of osmosis. The more a substance lowers or increases 
the surface tension of water the less or the greater is its Haftdruck, and 
it will pass from regions of low to regions of high Haftdruck. 

Ori^nally Traube claimed that the direction and velocity of passage 
of a substance through a membrane were independent of the membrane 
and depended entirely on the Haftdruck of the solution. Had this been 
the case Traube's theory would have been of real value as a simple 
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explanation of how substances pass membranes and how they enter 
cells, but unfortunately we know that the nature of the membrane 
makes a great deal of difference in determining which substances can 
pass it. Dead cells allow quite different substances to pass from those 
which living cells do. Traube now admits that the Haftdruck of the 
substance in the membrane is also essential. Surface tension is a 
measure of the Haftdruck of a solution, but we have no method of 
determining the Haftdruck of the substance in the membrane, so that 
the simplicity of the Haftdruck theory is lost. . Traube now states 
that with certain substances even surface tension is no certain measure 
of the Haftdruck of a solution, a col^dition which still further compli- 
cates the theory (see Pfluger's Archiv, 153, p. 304, 1913). 

According to Traube the lowering of surface tension (capillary 
activity), lipoid solubility, and osmotic velocity all run more or less 
parallel, but osmotic velocity is dependent primarily on capillary 
activity. Traube claims that capillary activity is a better measure of 
narcotizing power than is lipoid solubility, but our data on this point 
are rather scanty. The error in determining narcotic strength is large 
and few accurate measurements of partition coefficients have been made. 

The Haftdruck of KOH is high. It slightly increases the surface 
tension of water, whereas the surface tension of aqueous propylamine 
is low. A normal solution of KOH has a surface tension (y15^) of 
7.46 mg. nmi. while n-propylamine » 4.63 and water ^ 7.3.^ The pene- 
trability of these two alkalies accords very nicely with the Haftdruck 
theory. On the other hand NH4OH lowers the surface tension of 
water very little despite the fact that it enters cells with great rapidity. 
Thus in a capillary tube in which water will rise to a height of 91.5 nmi. 
n/4 NH4OH rises to 91 mm. while diethylamine rises to only 68.8 
and piperidin to 67.5 nmi. Yet NH4OH, piperidin, and diethylamine 
all penetrate cells equally readily. 

My results with acids give no clue as to whether lipoid solubility or 
capillary activity is the determining factor in penetration, since the 
penetration series is not in exact agreement with either lipoid solubility or 
capillary activity series. Wasteneys'sresultson the partition coefficients 
between olive oil and water show that the '^lipoid" studied does not 
make very much difference. In any case butyric, propionic, and acetic 
acids are most out of place in the penetration series. I had fuUy 
expected them to penetrate the cells rather readily and was not a little 
surprised to note their position. I at first thought that they were so 
weak (only about 4 per cent dissociated) that the indicator (antedonin) 
would not detect them. This assumption can not be true, however, 
for valeric acid is also only 4 per cent dissociated, yet the indicator can 
detect it readily enough. The only other possibility is that the indi- 
cator is contained in some lipoid combination, similar in properties to 

HSorfaoe tflOikNi ligatm from Trmube. J. Bcr. d. d. Phyiik let., 10, p. 880, 1008. 
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xylol, within the celb of the ''prickly fish/' In that case a weiJdy 
dissociated acid if quite lipoid-soluble would change the color of an 
indicator in the lipoid, while a weak, less lipoidnsoluble acid would not. 
This fact can be demonstrated very nicely by the use of droplets of 
benzol or chloroform containing Nile blue in solution. Both these fat 
solvents take up the dye in the red condition, while the color of the dye 
in acid solution is blue. If red benzol droplets of Nile blue, made by 
shaking the benzol solution with egg albumen,^ are placed in n/10 
solutions of acetic, propionic, butjrric, and valeric acids, it is only in 
n/10 valeric acid that the droplets become blue. Despite the fact that 
valeric acid is a very weak acid, enough will enter the benzol to unite 
with the free red Nile blue base and form a salt blue in color. The same 
is true of the still weaker acid, ortho-amino-benzoic. Not enough 
acetic, propionic, or butyric acid can enter to do this. On the other 
hand a strong acid, such as trichloracetic or dichloracetic, even though 
very slightly lipoidnsoluble, is able to cause the color change in n/10 
concentration. Monochloracetic is not quite strong enough to do this. 

Table 5. 



Acid. 


Aoetic. 


Pro- 
pionio. 


Butyric 


Valeric 


Caproic 


Formic 


Mono- 

chlo- 

raoetic 


Oiohlo- 
raoetio. 


Triohlo- 
raoetic 


Cono. for ooIitv ohAfiSff^^ 


n/20 
0.0078 

nil. 


n/40 
0.0073 

.07 


n/80 
0.0074 

.52 


n/100 
0.0076 

1.9 


m/320 
0014 

3.5» 


11/320 
0.0214 

na. 


n/2500 
0.155 

.01 


n/5120 
5.14 

.01 


MA0240 
121.0 

.01 


DiModAtUm ooMtaut. 
K 


Partition ooeffiotent 
XvlolXwater from 
H/lOoonc 



*From M/lOO oonc. 

That both lipoid solubility and d^ree of dissociation are also factors 
in determining the color change of chloroform drops containing Nile 
blue is shown (table 5) when we compare the concentration of acids 
required to turn the drops red blue in color.' 

The result is similar to that with benzol, except that less acid is 
required to change the color, due possibly to the fact that chloroform 
will dissolve some water in which the acids may dissociate. A strong 
add (chloracetic acid and formic acid) will affect the indicator in chlo- 
roform even if very slightly lipoid-soluble, or a lipoid-soluble acid 
(caproic) will affect the indicator even though very weak. Carbon 
disulphide and carbon tetrachloride globules act similarly to chloro- 
form globules. 

However, the purple pigment of Stichoptis ananas is certainly not 
in fat or oU bodies of any kind or in fat solvents. The indicator is 
water-soluble and no trace of the bodies holding it remains after the 

^Harvey, Amer. Joxim. Physiol., 6, p. 340, 1013. 

The seiiea of acids for penetration into chloroform agrees to a oartain extent with the penetra- 
tion series for cells. The parallelism is not exact. 
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pigment diffuses away. We have no evidence of fat-combinations with 
proteins or other substances which would behave like fat solvents 
in the absorption of acids. There are without doubt fat or oil combina- 
tions with proteins in cells in which the physical characteristics of the 
fat are marked. The elaioplasts of the leaves of the vanilla orchid 
are the best examples. We have no visible indication that they 
contain fat imtil the cells are treated with acid when the fat appears as 
definite globules. Living cells behave very much as if they were dtop- 
lets of oil or fat solvents.^ This is especially well seen in the alkalies 
and in the narcotizing concentrations of series of alcohols and esters. 
The alcohol distributes itself between cell and medium as between oil 
and water and this is true even for plant cells which contain a mini- 
miun of lipoid material. It is quite possible that cells are largely made 
up of fat-protein combinations whose solubility relations are much like 
those of piue fat or fat solvents. At present we know nothing of such 
substances. 

Any theory of permeability must explain the behavior of cells toward 
acids and alkaUes. Why does salicylic acid enter instantly and citric 
acid only after 40 minutes, when both are 30 per cent dissociated? 
Why does ammonia enter instantly and NaOH not at all, when am- 
monia is a many times weaker base? Why is the effect of ammonia 
on cells so much greater than NaOH when, in virtue of its strength, 
NaOH will saponify and catalyse more rapidly, and replace the weaker 
NH4OH in combination? 

^thout a doubt the greater physiological efficiency of ammonia is 
due to its greatest power of penetrating the cell, so that it acts not only 
on the cell-surface but the cell-interior as well. I know of no types of 
membranes which allow NH4OH to pass through more readily than 
NaOH. Collodion, parchment, and protein films will not. Many 
types of protein crystals and granules and starch grains, if stained in 
neutral red, are found to be entered equally readily or more readily 
by NaOH than NH4OH. I r^>eat that the cell behaves toward acicb 
and alkalies much more as if it were a drop of benzol or xylol than a sol 
or gel of any ordinary protein . This imexpected fact must be explained 
by the assumption of some fat-like body at the cell-surface, perhaps a 
fat protein or a lecitho-protein, but certainly not a true fat or lecithin. 

>Hanr«)r, Am. Journ. PhyiioL, 0, p. 841, 1018. 
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SUMMARY. 

A pigment, ^^antedonin," occurs in the epitheliiun of the viscera of 
the '^ prickly fidi/' a holothurian, SHchopus ananas^ which may be used 
as an indicator for the penetration of acids. 

living tissues are resistant to the penetration of all acids except 
sdicylic, benzoic, and possibly valeric. The degree of resLstanoe 
varies with the acid and is not nearly so marked as in the alkalieSi 
which are compared with the acids. 

The penetration rate of HCl is roughly proportional to the concen- 
tration. Dead tissues are readily permeable for all acids. 

There is no relation between the degree of dissociation of the acid 
and its rate of penetration or between degree of dissociation and tox- 
icity. 

There is a general relation between penetrability and lipoid solu- 
bility and capillary activity, but it is not exact and not quantitative. 

The best relation is between penetrability and toxicity. The acids 
which penetrate most readily are most toxic, irreq>ective of their 
strength. 

With acids as with alkalies lipoid solubility or ci^illary activity 
appears to be a determining factor in penetrability. No distinction 
can be drawn between these two possibilities, since the penetration 
series is not in exact agreem^it with either Upoid solubility or surface- 
tension series. Acetic, propionic, and butjrric acid are most out of 
place and it is suggested how this might be explained if the indicator 
were dissolved in a fat solvent or the cell as a whole acted as a fat 
solvent. 

If an acid is soluble enough in fatty substances, it encoimters no 
resistance at the cell-surface; if it is lipoid-insoluble or only slightly 
soluble the normal cell-surface must be destroyed before it can enter. 
The strength of the acid and possibly also a specific action of the 
anion on the surface protein will then determine its rate of entrance, 
or, better, its rate of alteration of the cell-surface. 

Cells behave toward acids and alkalies as if they were droplets of a 
fat or fat solvent, which suggests that th^ must be composed largely 
of fat-protein combinations in which the visible physical character- 
istics of fat are masked. 
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Bt Altbbd Goumwobouoh Matbb. 



INTRODUCTION. 

In 1909, Dr. Hugh M. Smith, the then Actmg United States Com- 
missioner of Fisheries (now Commissioner), gave to the author for 
study a part of the collection of meduss now under consideration in 
this article, and the authorities of the Smithsonian Institution kindly 
permitted the use of a table in the building in Washington while 
engaged upon this work. In 1910 another part of the collection was 
sent to Princeton University, where the author occupied a research 
room in Guyot Hall. Thus the collection was studied under the most 
advantageous conditions and it is a pleasure to express my sense of 
indebtedness to the authorities of the United States Bureau of Fisheries, 
the Smithsonian Institution, and Princeton University for the oppor- 
tunities I have enjoyed. 

In September and October 1913 the writer was leader of the expedi- 
tion sent by the Cam^e Institution of Washington to Torres Straits, 
Australia, and spent five weeks on the Murray Islands, about 70 miles 
south of the New Guinea coast and within 6 miles of the seaward edge 
of the Great Barrier Reef of Queensland. 

Thirty-one scyphomeduss were obtained by the Albatross in the 
Philippines and adjacent regions, the Ust of species being as follows: 



CARYBEIDJS. 

Carybdea nwUmii Haadce. 

Carybdea alata var. grandis Agaams and 

Mayer. 
Chiropaalmus quadTigatua Haedtd. 

CORONATJE. 

Pertphylla hyadnthina Steensirup. 
Linuc^ unguiculata fonna aquila. 
AtoOa bairdii forma wyviUd Haedcd. 
AtoUa bairdii forma gigantea Maas. 
AtoUa bairdii forma valdiTitB Vanhdffeo. 

SEMJBOSTOMiE. 

Pdagia panopyra P6ron and Leaueur. 
CbrytBon mdanaster Brandt. 
DactykMnetra afrioana VanhOffen. 
Sanderia malayenaifl GkVtte. 
Disoooneduaa philqypina Mayer. 
AureOia aiinta Lamiyxsk. 
Aurdba labiata ChamisM) and Eyse&hardt. 



nmZOSTOMATA. 

CaflBiopea aodromeda var. badueosis, nor. 

var. 
Cepbea ootoetyla (ForakU). 
C^ibea oephea var. ocemlea VaobOffen. 
Cotsrlorfaisa paoifioa, sp. nov. 
Catostyhia purpunia Mayer. 
Catostyhis townaeodi, sp. nov. 
Catoatyhia moeaaoua L. Agassis. 
Lydmorfaisa bartsdii Mayer. 
Lydmorfaisa bomeiisiSy sp. nov. 
Mastigias papua L. Agassis. 
Mastigias oceUata Haedcd. 
PbyUorhiaa hisoni, sp. nov. 
Versura maad Mayer. 
Lobonema smithii Mayer. 
Thysanosioma thysanura HaedceL 
Lmifera lorifera var. paoifiea SdiuHse. 



^Published by pcmiiMion of Hon. Hu^ M. Smith. U. S. Commissioiier of FisheriM. 
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It is evident that the r^on of the Philippines* is voy rich in scypbo- 
medusffi, for off the far better-known Atlantic coast of the United 
States there are but 25 species of scyphomedusfe and only 4 of these are 
Rhizostonue, while among the 38 species taken by the AJbatrms, 
and by Light, in the region of the Philippines, 22 are Rbizostonue. 
Amoi^ these 38 species 15 were new to science. 

The discovery of a Cotylorhiza allied to the form known from the 
Mediterranean is interesting, but the most curious Philippine genus is 
Lobonema, wherein the marginal lobes of the bell are greatly extended 
and superficially resemble tentacles tapering gradually throughout 
th^ I«iigth to pointed tips. They are, however, not capable of con- 
traction and their function is problematical. 

It appears that in Borneo and the Celebes, some of the Scypho- 
medusee are specifically distinct from thdr close relatives found in the 
Philippines, the difference probably being due to geographical isolation. 
As the AJbairosa collected only conspicuous forms of scyphomedusje, 
and as several species are represented by only one or a very few speci- 
mens, it seems probable that further studies in the region would be 
fruitful in discoveries, and in any event the forms should be studied 
in life, for much that is of interest is lost through the effects of preserva- 
tive fluids. 

By contrast with the richness of the Philippines, the poverty of the 
Great Barrier Reef of Queensland and the southern coast of P^iua, 
east of Torres Straits is remarkable, for only edx species of scyphome- 
dusse and ten of hydromedusie were found by the expedition of the 
Carnegie Institution of Washington to Torres Straits, as follows; 



HYDROMEDVBiB FROM THE 
MUBRAY ISLANDS. 
£quorea macrodaotyU (Brandt). 
Aglaurm hemisUHna P6roa Mid Leeueur. 
CTtoia atUntica (Sl«eiutnq>) . 
Euttma wutnUs, nov. ap. 
Laodioea fijiana A. Aganii and Mayer. 
Liritqie roaaoea GegeobauT. 
Phia£diam pooficuni (Mau). 
Rb(4>«kni«iiia Tetetum GegenbauT. 
SolmundeUa mediterronea (MtUler). 
StomotocB tunida (Mayer). 



SCYPHOMEDUSf. 
Aurdfia labiata Chamino and Eyeeohardt; 

Thursday Iilaiid, Ton«a StraitB. 
CHnopot androineda var. baduenais, nov. 

Tar.; Badu bland, Tcnrea BtnUe. 
CatMtylua moaaicua L. Aganu; oobaU blue, 

from the mouth of tiw BrM>ane Birer, 

Queenaland. 
Linuche UDguioolata fonna aquila Haeckd; 

rnxn Thunday Island, Torres Straits, 

Norember 23, 1913. 
HaatigiM papua L. Agaasu; Port Moredty 

Harbor, Papua, November 12-20, 1913. 
NaueHbofi punetat* KoUiker; fram Torrea 

Slnuts and the aoutbeast ooaat of Papua. 

ring September and October 1913, we studied for 5 weeks upon 
Island, about 70 miles south of Papua; udng a n^htha launch 
owing with surface nets under the best conditions, but the results 
imariiable only for thdr poverty. 

'. LtOHT, 1014, Philippine Journal of Science, vol. B, No. 3, deecribea 7 ipecieB from the 
in«a other than thooe obtained by Uie ABmirMi, Mr. light'a •ddilionnl ipeoiBa an 
mtlra guinqutcirrha, Ciutiopta polnpeiiUt, Cauiopta meduta ap. nov.. Aeramiiiu moeu- 
•ax. et ep. nor., Lobontma maytri nov. sp., Loboaemotdet gncilu gea, et ap. dot., and 
ma n4ai/ana no*, ep. 
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Only one Scyphomednsa {Catostylus mosodcus) and one hydro- 
medusa {EtUima aiAStraliSf nov. sp.) are possibly peculiar to Australia; 
all the others are of wide distribution. Of the six Scyphomeduss 
which we collected, two are widely distributed over the Pacific and 
three others are known both from the tropical Atlantic and the Pacific. 
Similarly, of the ten hydromedusse, three are widely ranging Pacific 
species and six others are found in both the Atlantic and Pacific. It 
appears that along the east coast of Queensland and the southeast 
coast of Papua is one of the poorest regions in the tropical world for 
medusse, containing almost nothing pecxiliar to itself; whereas the region 
of the Philippines and northern shores of New Guinea is one of the 
richest. This appears to be another illustration of the influence of a 
great ocean current, the rich region of the Philippines being in the 
sweep of the Japan Stream, whereas there is no well-defined ciurrent 
along the southern shore of Papua or off the Barrier Reef of Queensland. 
As is well known, H. B. Bigelow, in his report upon the siphonophorse 
of the Albatross J shows how abimdant these forms are in the Humboldt 
current off the west coast of South America and how poor the region is 
in the mid-Pacific to the westward of this great current. Our studies 
made while assistant upon Dr. Alexander Agassiz's expeditions to the 
tropical Pacific, as well as upon the recent expedition to Torres Straits 
and Papua, show that the whole great belt of tlie South Tropical Pacific, 
from the western edge of the Humboldt current to the shores of 
Australia, is poor in pelagic life. A number of local meduss appear 
in some of the large island groups, as in Fiji, but the region as a whole 
is poor in forms peculiar to itself and even those of wide distribution 
are, generally speaking, found only occasionally over this great desert 
of ocean. 

While in Australia we saw no swarms of Scyphomedusse other than 
a great number of specimens of the cobalt-blue form of Catostylus 
mosaicus L. Agassis, in the estuary of the Brisbane River, Queensland, 
in September. These medusse appeared to be of all sizes, and as we 
saw ^em also in April and May 1896 in the same locality they may 
possibly breed throughout the year. 

A single specimen of a variety of Cassiopea andromeda was found 
at Badu Island in Torres Straits, and Mastigias papua was common in 
the harbor of Port Moresby, Papua, in November. 

Ato'eUia labiata was occasionally seen in Torres Straits, and this 
scyphomednsa is known only from the Pacific; but on July 27, 1913, 
a perfect adult specimen, intermediate in character between A. aurita 
and A . labiata^ was found at Tortugas, Florida. A detailed description 
of this individual will be found in the text of this article. In this con- 
nection it will be recalled that Vanhdflfen finds that the Pacific form of 
LtnucAe, called L. aquila, appears also as a variety of the Linuche ungui- 
cidata ojf the tropical Atlantic, and it seems possible that in Aurellia 
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the common A. aurita of the Atlantic may occasionally give rise to 
AureUia labiata as a mutation, and that the Pacific species arose in this 
manner. 

We will now give a brief account of the characters of the Scypho- 
medusse. 

STRUCTURE, PHYSIOLXKIY. HABITS. AND DEVELOPMENT OF 

THE SCYPHOMEDUSit 

The Scyphomedusffi are the large jellyfishes, commonly called the 
sea-blubbers, in which the body is umbrella-shaped, the mouth parts 
occupying the position of the handle of the umbrella. The animal 
swims by means of a periodic expansion and contraction of the margin 
of the umbrella. If we look carefully we will see that this margin is 
notched at regular intervals, forming a series of lappets, and that 8 
or sometimes 16 of these notches are deeper than the others and contain 
each a minute finger-shaped or club-shaped sense-organ which may be 
provided with an eye, but which always contains a mass of crystals 
or concretions concentrated at its outer end. These little sense-organs 
are so small that they appear to the naked eye as mere pigmented 
specks placed within tlie niches at regular intervals around the margin; 
but small as they are they are of vital importance to the jellyfish, 
constituting its principal nerve centers, and if we cut them off, the ani- 
mal commonly becomes paralyzed and is no longer able to pulsate 
spontaneously. Mayer believes that the crystals or concretions within 
the sense-clubs consist largely of calcium oxalate, and this makes 
it appear probable that sodium oxalate is constantly forming in the 
sense-club and that the calcium chloride of the sea-water, when it 
enters the sense-clubs, is precipitated, forming calcium oxalate, and in 
this manner setting free sodium chloride (common salt), which is a 
powerful stimulant for the nerves, thus causing the pulsating reaction. 

Thus in these animals we find that a stimulus which is constantly 
present causes periodic contractions followed by periods of rest which 
are perhaps due to fatigue. In the case of the sc}rphomedusa Cassi- 
opea this stimulus is internal, for the sea-water itself neither stimulates 
nor inhibits the sense-organs of the animal, the stimulating effect of the 
interaction of its sodium, potassium, and calcium being offset by the 
inhibiting effect of its magnesium upon the motor centers. 

But the marginal sense-organs do more than merely produce the 
pulsation stimulus, for Dr. L. R. Gary finds that if they be removed and 
the medusa be wounded in any manner the first stages in regeneration 
are slow, but if even a single sense-organ be present regeneration pro- 
ceeds at once and with rapidity. 

In general, if the area of tissue enervated by a sense-organ be large 
it pulsates more rapidly than if the area be small, and although the 
rado is not strictly proportional to the area of tissue, yet we may still 
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say that if a senee-organ be cut c^ with on^ a small piece ot tissue 
around it the rate of pulsation will be much reduced. But young, 
small jellyfishea pulsate more rapidly than lai^ old ones, yet if we 
graft two jellyfiahes together the small active one will force the large 
one to pulsate at its own rate, which will be even more rapid than the 
normal rate of the small one, due to the large area of tissue the sense- 
organs now control. 

Elmer and Romanes found that if the marginal sense-organs be 
removed the jellyfish is paralyzed and responds only by angle contrac- 
tions to extcanal stimiili. Later, in 1906, Mayer found that if the 
sense-organs be removed and we cut a ring-shaped, or complete ctrcutf 
shaped, strip of tissue from the concave part of the bell, we may then 
start a contraction wave proceeding ia one directum through the circuit 
through which it travels continuously, being indeed entrapped by the 
circuit of tissue from which it can not escape. This movement is 
almost machine-like in its regularity, and very different from the slow 
and somewhat insular pidsations the sense-organs engend^. 

It is interesting to see that the pulsation stimulus in jellyfishes is 
conducted.by the nerves, whereas in the vertebrate heart it is conducted 
by the muscles. There is, however, as Parker showed, a fundamental 
likeness between nervous and muscular activity, for in most essential 
features, such as the compensating pause following an extra pulsation 
and the refractory stage during systole, latent period, reaction to tem- 
perature, ete., the jellyfishes behave as does the vertebrate heart. In 
Europe Romanes, Bethe, and von Uexkull, and in America Loeb and 
Mayer have been most active in these studies. 

Recently Mayer finds that nerve conduction in Ca»siopea is a che 
ical reaction in which the cations of sodium, calcium, and potaasii 
take the active part, while magnesium is passive. The sodium calcii 
and potassium appear to be attracted by adsorption to the surfaces 
some negatively charged colloidal elements of the nerve, and the veli 
ity of nerve conduction is proportional to the degree of concentrati 
of these adsorbed cations. 

Thus if V be the velocity of nerve conduction, and C be the conci 
tration of the sodlimi calcium and potasmum cations in the surround) 
aea-water, then for all dilutions down to seapwata" mixed with an eqi 
volume of distilled water F— 2.0 C''^ where the velocity of nei 
conduction and the concentration of the cations in natural sea-wa 
are both 100. 

It is remarkable, as Goldfarb showed, that a jellyfish such as Cat 
opea r^ienerates more rapidly in 90 per cent sea water (90 parts of s 
water mixed with 10 puts of distilled wata) than it does in nom 
aea-water. 

In all scyphomeduss exciting the Rhicoetonue tentacles are fou 
at the bell-margin, and ususily grow out from betwe^i the notehee 
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the rim. These tentacles are hollow, the stomach cavity being con- 
tinued into them as it is also into the sense-clubs; indeed, there is every 
reason to believe that the sense-organs are only highly modified tentacles. 

Powerfully developed circular, or a combination of circular and radial, 
muscles are foimd in the imder, concave part of the umbrella, and h&re 
also there is a network of nerve-fibers connecting the muscles with 
the sense-clubs. Cxuiously, there are no muscles, and probably no 
nerves, over the outer convex part of the umbrella. 

Those who have handled jellyfishes know that they are capable of 
inflicting a sharp sting, the tentacles being especially active in this 
respect. Closely clustered over the surface of the tentacles, and other 
parts of the jelljrfish, there are minute cells, each containing a hollow 
tube coiled rope-like within the cell. Upon excitation these little tubes 
are turned inside out and shot forward, and their outer ends, which are 
barbed, penetrate the skin, causing a sharp sting due in part, it i^pears, 
to formic acid. Thus it is that these large jellyfishes are among the 
most persistent enemies of the fishes, for many an incautious victim is 
ensnared among their stinging tentacles only to be paralyzed and finally 
drawn upward into the mouth of the jellyfish. It is, however, a poor 
rule which does not work in both directions, and certain kinds of small 
fishes often accompany the jellyfishes, swimming in and out among 
the dangerous tentacles, even biting off small pieces of the jellyfish 
itself and occasionally themselves falling a prey to the stings, but in 
general enjoying a peculiar protection from the attacks of larger fishes 
who dare not venture too near the jellyfish. 

The mouth, or mouths, of the jeUyfish may be surrounded by veil- 
like lips or, if the mouths are numerous, as in the so-called Rhizostom^e 
(root-mouthed) jellyfishes, by complex frills lined by minute tentacles 
which at intervals bend to and fro and sweep, as it were, for food, 
for the jellyfishes are all carnivorous. In the higher animals the intes- 
tine is a tube which lies suspended within the body cavity, but as long 
ago as 1849 Huxley showed that the jelljrfishes have no body-cavity, 
and consist simply of a stomach and an outside with a mere structure- 
less lamella, or a solid mass of jelly, between the stomach-wall and the 
outer skin layer of the animal. 

This gelatinous substance may serve as a store of food for the animal 
in case of starvation, and Caasiopea can live at least 42 days without 
food, the weight of the jellyfish declining to less than one-hundredth 
its original magnitude. The loss of weight on each day is, however, 
proportional to the weight of the animal at the beginning olf that day 
and thus the lighter it becomes the less the weight lost. 

Thus, if TT be the original weight of the jellyfish, and y its wdg^t 
after z days of starving, then y^W (1— a)'; where a is a constant, 
less than imity. 
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Indeed the ultimate size that an individual jellyfish attains before 
becoming mature is a measure of its success in obtaining food, and 
it is interesting to see that the largest jellyfishes are those of the cold 
seas where the floating animal life is more abundant than in the tropics. 
In common with the corals, sea-anemones, alcyonaria, siphonophores, 
and hydromedusse the scyphomedusse are, so far as is known, exclu- 
sively carnivorous and do not feed upon plant life. 

The prey is seized by the mouth, and after being held and partially 
digested in the stomach the remnant is ejected through the mouth. 

The central stomach is a space in the middle of the lunbrella, but 
this always gives rise to an outwardly radiating sjrstem of pouches or 
tubes which may form a complex network of vessels under the muscular 
layer of the concave side of the lunbrella. As this system of pouches 
is connected with the stomach and nutrient fluids derived from the food 
circulate through it, it is often called the gastrovascular system, for 
it is both a sort of ''chymiferous system" and a digestive space. 

In all of the larger jellyfishes, or sc3rphomedus8e, we find within 
the stomach 4 clusters of tentacle-shaped organs of unknown function, 
placed at the broad sides of the cruciform mouth. The smaller jelly- 
fishes, or hydromedusse, lack these stomach-tentacles or gastric cirri 
as they are often called, and in still another structural detail do 
they differ from the scyphomedusse, for the hydromedusse have a 
diaphragm-like membrane which grows inward from the bell-margin 
and partially closes the opening of the lunbrella, but the larger jelly- 
fishes (scyphomedusse) do not have a diaphragm of this sort, although 
it is true that the Cubomedusse, or sea-wasps, appear to have such a 
diaphragm, but it is not strictly comparable with that of the hydro- 
medusse. 

The sexual organs of the larger jellyfishes (sc3rphomedusse) are found 
in the stomach peripheral to, and closely associated with, the four clus- 
ters of gastric cirri. The sexes are usually separate, the animals being 
either male or female, although in rare instances, as in Ckrysaora, they 
are hermaphroditic, or male when young and female when old. When 
mature at the breeding season the males and females usually come to 
the surface in great numbers and may congregate in vast swarms many 
square miles in area. The larvse or eggs may then be cast out into the 
water by the breaking down of the stomach-wall or the larvse may un- 
dergo a part of their development within the stomach, or mouth-parts, 
of the mother, finally to be cast out through the mouth. 

In any event the larvse soon develop into minute pear-shaped crea- 
tures about as large as a pin's head, their bodies being covered with 
vibrating cilia which enable them to spin through the water. For 
a few days or even weeks they may remain thus swimming near the sur- 
face and be drifted far by tide and ocean current. Soon, however, the 
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little pear-shaped planula, as it is called, settles down head first upon 
the bottom and fastens itself to some fixed object. Then for the first 
time the mouth develops at that which was the postmor end oi the 
planula and tentacles grow out so that the mouth is soon surrounded 
by 16 or more of these organs which serve to capture the minute Crus- 
tacea and other organisms upon which the little polyp feeds. Thus it 
remains sedentary for a long period, growing all the time and super- 
ficially resembling a small sea-anemone. Finally a series of constric- 
tions develop at r^ular intervals, and the creature appears as if it 
were composed of a series of disks set one upon the other. The margin 
of each disk soon develops 8 cleft lobes, and 8 sense-clubs appear in 
the clefts. Then the uppermost disk, containing the mouth and the 
crown of tentacles, is cast off and perishes, while the others are set free 
in succession and swim away as minute jellyfishes, soon to develop ten- 
tacles and finally to become mature and repeat this peculiar process of 
development. After the last disk has been cast off, only the stump of 
the strobila, as it is called, remains, but this may regenerate a new ring 
of tentacles and continue to grow, possibly to develop more jellyfishes 
at the succeeding season. 

There are many interesting variations of this typical process of 
development. Often the strobila, instead of giving off a series of 
disks, develops only a single constriction and every alternate tentacle 
changes into a sense-club, while the other tentacles may be wholly 
absorbed, so that they disappear. In this case only a single ephyra 
or larval jellyfish is set free. This form of development is especially 
characteristic of the Rhizostom^e or multi-mouthed jellyfishes, such as 
Cassiapea. In the free-floating Pelagian however, the planula larva 
never becomes attached, but remains swimming through the water 
until it develops directly into a jellyfish. Thus it is that these jelly- 
fishes are quite independent of the land and are widely distributed 
over the tropical and warm oceans. 

Several other sorts of jellyfishes are widely distributed over the 
world, one of these being the large semi-transparent AureUia aurita of 
our coast, which appears so commonly during the summer and may be 
recognized by its 4 horseshoe-shaped, milky or pink-colored genital 
organs. This form occurs from pole to pole. 

Such adaptability to wide range of temperature is very rare among 
jellyfishes, and is known only in AvreUia aurita and Naueithoe punctata 
among the scyphomedusse, and SolmundeUa among hydromedusse, these 
forms occurring in seas of all temperatures. 

Nevertheless, even tropical medusse are much more injuriously 
affected by a slight rise in temperatiure than are the jelljrfishes of the 
temperate regions, and we may say that most trqpical forms live within 
12^ C. of their healrdeath-temperature, and even tropical forms can 
withstand cooling better than they can resist heat. To use an engineer- 
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ing expression we might say that the medusse of teiiq>a»te regions have 
a larger ''factor of safety" in respect to temperature. Harvey showed 
that, upon heating, the rate of conduction of the nervous stimulus which 
causes pulsation increases in an arithmetical ratio, so that its ''curve" 
is a straight line. At from 34^ to 39^, however, the curve makes a 
sudden bend downward and the rate declines sharply. This decline 
may beduetotheeffectsof asphyxiation,forWinterstein showed that the 
rate of oxygen consumption in jelljrfishes is 3i times as rapid at 30^ to 
36^ as it is at about 12^ C. Thus the oxygen of the searwater becomes 
insufficient to support the augmented vital activities of the animal. 

The large, rich rosiurbrown colored cyaneas of our New England 
coast are not found in the tropics, but closely allied species reappear 
in the south temperate zone, so that somehow they have managed, 
perhaps in the glacial epoch, to cross the warm zone of the trqpics. 
Yet another set of forms, which are widely distributed over temperate 
and warm seas, are creatures closely allied to the Dactylometra of the 
southern shore of New England and southward, a jellyfish which may 
be recognized by the reddish brown or purple radial streaks upon the 
lunbrella and its long, graceful, folded, curtain-like lips often beauti- 
fully tinged with pink. 

We may distinguish five main divisions or orders of the larger 
jellyfishes or scjrphomedusae. 

I. The Carybdeidoe or CtAomedusm^ with bell almost rectangular and 
with flexible tentacles mounted upon the ends of gelatinous wing- 
shaped expansions. They have 4 knob-shaped sense-clubs, which are 
very large and set within niches on the sides of the bell, with the eyes 
all directed inward, apparently to command a view of the mouth. 
These medusse have a marginal diaphragm which partially closes 
the opening to the umbrella cavity. The Carybdeid® are confined to 
tropical and warm seas and usually remain upon or near the bottom 
until they become mature, when they often swim to the surface to 
cast out their eggs and sperm. They are usually dull milky-yellow or 
livid in color, and their tentacles sting so sharply that they are com- 
monly called sea-wasps. None are known north of Cape Cod, but 
they are well represented in the tropics throughout the world. 

II. The StauramediASOS are attached forms which do not pulsate. 
The body is pear-shaped or pyramidal and the jeUyfish fastens itself to 
sea-weed or rocks by means of a stalk at the aboral end of the body. 
There are usually 8 clusters of knobbed tentacles which are developed 
at the pointed ends of 8 marginal lobes, and 8 large "anchors" or 
sucker-like clubs upon the margin may alternate with the tentacles. 
These forms are confined to cold seas and are known from the Arctic and 
Antarctic Oceans, although they have never been found in the trqpics. 

III. The Conmata are usually deep-sea forms distinguished by their 
peculiar dark purple or reddish-brown color, which is so characteristic 
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of the invertebrate animalB of the deep sea, due possibly to the fact 
that the red rays from the sun are rapidly absorbed as they penetrate 
into the depths of the ocean, so that at depths greater than 1,000 
fathoms there is practically no red Ught, and here red-colored animals 
must appear black and be well concealed in the general darkness of 
their abysmal realm. The Ck)ronat8e are characterized by having a 
deep ring-like furrow cutting into the thick wall of the sides of the um- 
brella; and peripheral to this are gelatinous thickenings in the radii 
of the tentacles and sense-organs. The gelatinous wall of the bell is 
much reduced in thickness at the ring-furrow, the thin part acting as a 
hinge to permit the creature to close its bell diuing contraction. These 
forms are common in the deep waters of the Philippines, as indeed they 
are upon the bottom of all seas 500 fathoms or more in depth. Most 
of the species, such as AtoUa and Periphylla, do not normally come to 
the surface, but a closely allied form, the little Naimthogy is one of 
the most universally distributed surface forms of all warm seas, while 
the matiure Lirmche occur in vast niunbers, all rapidly pulsating and 
resembling little brown thimbles, the swarm often covering square 
miles of ocean in tropical regions. 

IV. The SenujBostomaia are the common large jellyfishes of our coasts, 
such as AureUUij Cyanea^ and Dactylomebra. They have tentacles and 
a single cruciform mouth provided with veil-like lips, and there is no 
ring-furrow cutting into the surface of the umbrella, such as is seen in 
the Coronatffi. They are common in bajrs and brackish estuaries and 
are the largest and most conspicuous of all jellyfishes in temperate 
r^ons. 

V. The RhizostanKB are the large jellyfishes of the East Indian and 
tropical seas, where they are commonly as conspicuous as are the 
Semseostomese in our cold northern waters. They have numerous 
mouths and no tentacles, and their gelatinous substance is often as rigid 
as newly formed cartilage. Often they occur in swarms in the harbors, 
swimming strongly against the tide, and after a storm great numbers 
are found stranded upon the shore. The rigid gelatinous substance of 
these jellyfishes is very characteristic and was seen in fossil forms found 
in the Jurassic Uthographic slates of Steinheim in Bavaria, showing that 
in the age of the Reptiles these most highly differentiated jellyfishes 
existed. Indeed, so old are the jellyfishes that their relationdiip to the 
echinoderms, sponges, and ctenophores remains unknown — all inter- 
grading forms, if such ever existed, having died out long ago, as is often 
the case in very ancient orders. 

In an early stage of development the higher animals commonly pass 
through a condition in which they have only an outer cell-layer and a 
cavity lined by cells destined to form the intestine. Theoretically 
speaking, they are simply little 2-layered sacks, the outer layer being 
the external skin with its nervous and sensory organs, and the inner 






Medusa of the Philippines and qf Torres Straits. 169 

layer being the stomach; and thus the name gastrula is applied to 
this stage. Jelljrfishes are essentially in the gastrula stage even when 
adult. Yet so extraordinary are the foldings and outgrowths that have 
arisen in their two body-layers during the vast time they have existed 
upon the earth that, ultimately simple as they are, no class of the 
animal kingdom exhibits a more surprising variety of forms than do the 
jellyfishes and their close allies the Siphonophorse. 

It is interesting to observe that the large jelljrfishes, sc3rphomedus», 
which have gastric cirri and no marginal diaphragm or velum, are 
probably only very remotely related to the small jellyfishes, the hydro- 
medusse, which have a velum and lack gastric cirri. Indeed we have 
good reason to believe that the jellyfish-shape and peculiar locomotion 
through pulsation have been derived independently in the two groups. 
Thescyphomedusse are probably allied to the actinians or sea-anemones, 
while the hydromedusse have probably been derived from hydroids. 
In fact a jellyfish-like shape and pulsating body have been acquired 
independently in widely different kinds of animals, such as Pdagothuria, 
a holothurian which bears a wonderfully close resemblance to a jelly- 
fish and swims actively through the water in the tropical Pacific ; and 
in Craspedotellaf a minute unicellular marine animal, which would 
certainly have been mistaken for a jellyfish had it not been of micro- 
scopic size. 

Indeed there is reason to lead us to believe that the bell of the 
Narcomedusse is a mere outgrowth from the sides of the pyrif orm larva, 
and has thus been acquired in a manner quite different from that of 
the other hydromedusse. Thus the lunbrdla-like bodies of jellyfishes 
have probably been acquired in at least three different ways within the 
group itself. 



PART I. 



SCYPHOMEDUSJE OF THE PHILIPPINE ISLANDS. 

DESCRIPTION OF SPECIES. 

Through the kindness of Dr. Hugh M. Smith, then Deputy Commis- 
sioner, now Commissioner, of Fisheries of the United States, the author 
was permitted to describe and figure some of the Albatross-Philippine 
scyphomedusffi in volume III of ''Medusse of the World," published by 
the Carnegie Institution of Washington in 1910. These are referred 
to, but are not here redescribed, unless some new facts have come to 
light since the date of the original description. 



Gea«8 CARTBDEA P^ron and htammr, 18M. 

Carybdea, PAbon xt Lbsubub. 1809, Ann. Mus. Hist. Nat., Paris, tome 14. p. 332. 
1910, MedusB of the World, voL 8, p. 600. 



— Matbb, 



OBNBBIC CHARACTBRS. 

CarybdeidsB with 4 simple, interradial tentacles and pedalia. Velarium 

supported by 4 bracket-like frenulsD. Velar canals present. Stomach small 

and 4H9ided. 

CarybdM rastonil Haaeke. 

Carybdea nwtomt, EUacxb, 1887, Jena. Zeitseh. fOr Natunrissen. Bd. 20, p. 691, Taf. 36, Fign. 
1-16.— Matbb, 1910, Medusn of the Worid, vol. 3, p. 508. 

There are two specimens of this medusa in the AUxUrass collection from the 
Philippines. They are apparently mature and their dimensions in millimeters 
are as follows: 



Height of ben 

Wid«bofbeU 

Lencth of pedalia 

Width of pedalia at bate 

Width of pedalia at widest part 

Height of seneory niohe above velar margio 
Length of flexible shafts of tentacles 



Locality and date. 



Subig Bav, 

Luion, surface, 

Jan. 6. 1906. 



34 
20 
11 

• • • • 

6.5 
6 
30 



Taal Anchorage, 

Balayan Bay, 

LuBon, surface, 

Feb. 20, 1909. 



33 
23.5 

9.5 

4 

5.5 

6 
06 



This is the commonest Cubomedusa of the tropical Pacific, being widely 
distributed from South Australia to the Hawaiian Islands. It can fa^ recog- 
nised by its prismatic, 4H9ided bell, the pedalia being about one-fourth to one- 
third as long as the bell-height, flat and spatula-shaped and about three-fifths 
as wide as long. The sense-clubs have each 2 large median eyes and 4 small 
lateral ocelli. There are 4 short, branched, non-anastomosing velar canals 
in each quadrant of the velarium, 16 in all. Four very small branched tufts of 

Sstric curi. This medusa is very closely allied to Carybdea marsupialis of the 
e^terranean, but is distinguished by having only 16 instead of 24 to 30 
^ canals, and by its somewhat more slender pedalia. In both forms the 
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bell is dull milky yellow and the flexible parts of the tentacles are pink. In 
common with other Cubomeduss it comes to the surface when mature, and 
is then abundant in harbors. The young usually remain in deep water at or 
near the bottom. 

Carybdea alaU Tar. graadis Agassis and Mayer. 

CarybdM ffrandU, Agassis and Matsr, 1902, Mem. Museum Comp. Zool. at Harvard College, 

vol. 26, p. 153, plate 6, figs. 26-31. 
Carybdea aiata var. grandU, Matbr, 1910, Medusa of the World, vol. 3, p. 611, fig. 329. 

The bell of this medusa becomes 230 mm. high, but the largest specimen of 
this cruise was obtained by the AJbaiross in Borneo and is onJy 166 mm. high. 
This tropical Pacific form may be distinguished by its short, wide-flaraig 
pedalia and by having only 1 or 2 median eyes upon each sense-club and no 
lateral eyes. When young, however, there are 2 large median and 2 small 
lateral eyes, but the latter appear to fuse later with the median eyes. There 
are 24 velar canals, which are short, branched, and non-anastomosing. C. 
moseri is probably only a young stage of this medusa. In C. (data there are 6 
^es in each sense-club, and the pedalia are longer and narrower than in the 
kum variety grandis. 

Tlie dimffliwons and characters of the two largest of the three specimens 
found by the AJbaiross are as follows: 





Locality, date, and number of ^ecimens. 


SUtion 5361, Feb. 9. 1909, 
Manila Bay, Loaon, 12 
fatitoms, 2 speciinene. 


D. 5594, Sept. 30. 1909, off 
Mount Piitri, Borneo. 


Hflisht of bell 


120 
88 

38 along inner side. 

16.5 
14 
16 
2 median, no lateral ey ee. 


106 

144 

77 along outer lide, 
36 along inner side. 
29 

31 

2 median, no lateral «yee. 
Small. 


Width of boU ....... 


Ti^ngtta of pvdsKs 


Width of pedalia at widest part 


Width of pedalia at bsM. .7 


Heicht of ■ensor^ niche above relar margiii . . . 
Number of evee in each lentB club >.....,.... 


Gonadft 





GeMS CHIBOPSALMUS L. Agatsis* 1S€2. 

Chiroptalmui, Agassis, L., 1862, Cont. Nat. Hist. U. S., vol. 4, p. 174. 

GBNBRIC CHARACTEB8. 

Carybdeidse with 4 interradial, branching pedalia which give rise to a 
number of tentacles. Four wide perradially situated stomach-pockets in the 
subumbrdla, each of which gives rise to fiiiger-shi^)edy unbranched, hernia- 
like pouches which project into the bell-cavity. Wide, marginal pouches and 
numerous canals in the velarium. 8 leaf-shaped gonads. 

CUrspsaliBM fvadrigatas HaaekeL 

Chirap&olmu9 ^uodripafiM, Hasokbl, 1880, Syst der Meduaen, p. 447. — Maybe, 1910, Meduae of 
t^ World, vol. 8, p. 516, fig. 331. — ^Lioht, 1914, Philippine Journ. Soienoe, vol. 9, p. 197. 

44 specimens of this medusa were collected by the Atbaiross from the 
Philippines, but not one seems to be mature. 

light (1914) found this medusa at Culion Bay, Culion, and at Palawan and 
thus it ranees widely in the Philippines. Light's specimens were larger than 
those found by the AJbaiross^ being at least ^X) mm. in diameter and usually 
with 7 tentacles to each pedalium. The tentacles are 1.5 meters or more in 
length and have lavender-colored bands of nematocysts. Light reports that 
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the sting of thia medusa is very severe and may even be fatal to man. The 
Dae^lomOra of the Philippines ia also a dangerous form, but Lobonmui, which 
some of the members of the ABtairoaa expedition believed to be virulent, is not 
capable of inflicting a very severe sting (see Light, 1914, PhiUppine Journal of 
Science, vol. 9, pp. 291-295). 

The following is a record of ^>ecimeii8 of Ckiropsdimus quadrinatut obtained 
by the AJbatross in the Philippine Islands: 



NumbvoT 



8<^fi 



Bkjr, Liuon. ouicbt in i 




6,s.s,a 




AIlBa*ll. CM^t Id Mines. 



Do. 

CiMk'»viml>«baped wmuIm •*! 
dBntoped. Inmutun (oiud 
nrr null. Hcdaht ol miMr; 
nube •bovfl nur^ii ll.fi nun. 

NovMrje ■HWulc* nad no niwdi 
BeQ more (ruupwDt uaui ii 
■dult. SaiHdry niche a mm 
■bore nuTfin. 



Gtatm PERIPHYLLA StoeiHlnp, 1817. 



QSNBBIC CHA]U,CTBB8. 

Coronatffi with 4 inteiradial rhopalia and 12 tentacles, 4 perradial and 8 
adradial. 16 marginal lappets grouped into 4 pairs of rhopal&r and 4 pairs of 
tentacular lappets. A deep ftnniilftr furrow separates the dome-like ^>ez of 
the exumbrella from mai^inal none of bell. Between this ring-furrow and the 
lappets is a Eone of 16 pedalia, 12 in the tentacular and 4 in the rhopalar radii, 
and these are separated one from another by 16 deep, radiating clefts, which 
extend down the mid-axial lines of the lappets. There are 4 deep, interradial 
subgenital pits in the floor of the subumbrella, lined above their edges by rows 
of internal gastric cirri. The large central stomach extends peripherally out- 
ward into the subumbrella in the 4 perradii. These 4 openings lead into a 
wide ring-«nu8 in the subumbrella, which in turn sends out a radiating vessel 
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in the radius of each tentacle and rhopalium, 16 in all. These vessels fork 
before reaching the tentacles or rhopalia, and their diverging ends curve around 
the ed^ of the lappets and form a marginal ring-canal. 

I bdieve that PeriphyUa hyadrUhina can not be separated specifically from 
P. dodecabostrycha. The shape of the bell is quite variable, and when large 
the medusa umially becomes relatively flat and dome-like, whereas it is rela- 
trvely high and conical when young. P. hyadrUhina is said to be densely 
pigmented with purple-brown so that the gonads can not be seen through the 
b^ walls, whereas P. dodecabostrycha is said to be less densely colored and 
semi-translucent. This distinction does not always apply and certainly the 
degree of pigmentation appears to be quite independent of the shape of the 
bell, whether flat and dome-like or high and pointed. Browne (1910), in his 
study of the Scyphomedus® of the Atlantic National Expedition, concludes 
that P. dodecabostrycha is probably only a largengrowth phase of P. hyacin- 
tkinaf and with this opinion I am heartily in accord. 

Peri^jDa hysdnthins Steenstnip. 

The Albatross obtuned 21 specimens of this common deep-sea medusa 
among the Philippine Islands, between depths of 338 and 1,291 fathoms, as 
follows: 



f 



Stotion. 



DSaOl and D 5908 off 
TimatiDia ItlatH 



D 6373, OMT Marinduaoe 
Iiland, aboDt 16 muM 
off ahoire. 

D6379, aboDtS? milM off 
Mompog Uand, naar 
MarinduqiM laUind. 

DMTl. from about 16 
milea off Point li^t, 
east eoait of Luaon. 

D 6486. from 6 mikt off 
Batobobo Pdnt, Tm- 



D 6407. about 10 adka 

off Bantigui laland. 
D 6607, off northern Min- 



D6628, Parienta Strait, 
about 7 milM from St. 

D 6647. Buton Strait 

D6068.Gulf of BonL.... 



Date. 


Depth. 


1908 
Apr. 10 


Folfcoau. 
654 to 776 


1000 
Mar. 2 


338 


Mar. 4 


020 


Mar. 10 


668 


July 81 


586 


Aug. 3 


060 


Aug. 6 


426 


Nov. 30 


1,201 


Dae. 16 
Deo. 17 


610 
626 



Charaeterof 
bottmn. 



Gray* land and 
mud, and green 
mud. 



Softaand. 



Sise and number 
of qpedmena. 



2 lann 190 mm. 
wide. 



106 high. 



2Iarge. 



4 medium. 



Variety. 



Green mud and 

fine land. 
Green mud and 

fine land. 
Gray mud 



Green mud. 



7 large and me- 
dium. 



llarge... 
2 medium 
1 medium 



1 medium. 
1 medium, 



Dodeeaboetryeha. 



Dodeeaboetryoi)a. 

Dodeeaboetryeha. 

Hyaointhina. 

Dodeeaboetryeha. 

Dodeeaboetryeha. 
Dodeeaboetryeha. 
Hyaointhina. 

Hyaointhina. 
Hyaointhina. 



GtwaB UNUCHE Eechseholti, 1829. 

Linuehtt EacBBcuovn, 1829. Syst. der Acalephen, p. 91. 

OBNBBIC CHARACTBB8. 

Coronatffi with 8 rhopalia, 4 perradial and 4 interradial. 8 tentacles, 16 
mar^al lappets. With hernia-like sacs of the gastrovascular cavity pro- 
trudmg from the floor of the subumbrella. 8 gonads giiouped in 4 pairs close 
to the 4 perradiL The central stomach opens by 4 perradial ostia into a ring- 
sinus which in turn breaks up into 16 branclung, radiating pouches in the 
lappets. A marginal ring-canal is present in the Pacific L. aquUa, and accord- 
ing to Vanhdffen also in X. unguicuUUa of the Atlantic. 
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Umche m>fdeiUU nt. up^^ 
LwMTpra aguOa, H&kkil, 16S0. Syst. der Meduaen. p. 4M. 

Linueht agaila, Matkb. 1910, Mediua of the Woild, vol. 3. p. 560. tgt. 35S b and c. 
iAHwAe iiiifMiMilits, VAini&rnN, 1913, ZooloBiBchen JahrbMtMra, Sapiil. 11, Hift 3, p. 4M. 

This variety ia widely distributed over the tropical Pacific and is cloaely 
related to the tropical Atlantic L. uriguiculata, with which it is identical in 
form and dimensions, being about 13 mm. high and 16 mm. wide. It has 
48 wart-like protuberances upon the subumbrella arranged in 2 rows instead 
of in 3, as is oommonly the case in the Atlantic medusa. 8 of the subumbreUa 
sacs in the variety aquiia aJteniate with the ^nads and 8 arise from the sides 
of the gonads themselves. Thus in the Pacmc medusa we have two soaea of 




c 



Tm. I. — A. Showing tuual arraosement of nibunibreUa warto ia Linvehe unouietiiaia ot tha 
tropioal AtlaaUo. 
B. Showing acTMigeiDeDt of BubumbraUa warta ot the varls^ aguita ot the boideal 



protuberances, an inaer zone of 16 large sacs, and an outer of 32 small sub- 
umbiella saccules. The 16 large sacs lie in the mid-regions of the gonads, 
while the 32 small saccules lie at the zone of the outer ends of the gonads. 
In the Atlantic form, the areas of brown cells are commonly develop^ only 
centrifugal to the zone of gonads, while in the Pacific variety they occur 
between the gonads as well as beyond them. A marginal ring-canal is pre- 
sent. The Pacific variety is, however, found also in the Atlantic. 

Vast awarms of these medusee are found among the atolls of the Fiji and 
Paumotos Islands, and they extend to the coasts of Africa and to Queensland, 
Australia. They abound in Queensland in the spring months, in Fiji in De- 
cember, and at Singapore In April. I have studied a large collection of these 
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medus» taken in the Philippine Islands at Mactan, near Cebu, on April 6, 
1908| by the United States Bureau of Fisheries steamer Albatross. AU were 
mature. 

Vwhoffen (1913) reported that he succeeded in demonstrating that a 
marginal ring-canal is present in the Atlantic L. unguiculaia, although alter 
manv tests I was unable to detect its presence and am inclined to bdieve that 
the delicate membrane separating adjacent pouches was broken in Viu^dffen's 
specimens, idiich were preserved in formidin. Moreover, Vanhoffen found 
that in some of the Atlantio medusae from the Bahama-Florida region the 
subumbrella warts are arranged as in L. ofuUa of the Pacific. It thus appears 
that the Pacific form is at best only a variety of the Atlimtic species, and both 
should be called Linuche unguicuUUa. 

Genvs ATOLLA Haeckel« 1S80 sensii Fewkes. 

AtoUa, Habcxbu 1880. Syst. der Meduaen, p. 488.— Fbwkbs, 1886, Report ComminioDer of 
Fioh and Fiaheriet of U. S. for 1884, p. 034.— Matsr, 1910, Meduas of the Worid, vol. 3, 
p. 661. — ^Browmb, 1910, National Antarctio Expedition, Nat. Hist., vol. 5, Ccelenterata, 
V, Mednae, p. 47. 

GBNSRIC CHABACTEB8. 

CoronatflB with numerous (9 or more) tentacles and equally numerous 
miu*ginal sense-organs. Twice as many marginal li4>pets as sense-oigans. 8 
adradial gonads and 4 interradial subgenital ostia. 41ips. The tentacles and 
marginal sense-organs alternate regularly, but the insertions of the tentacles 
and their pedalia are hi|^r up on the sides of the exumbrella than are tl^ 
insertions of the pedalia of the sense-oigans. 

The Albaiross collection serves to show that A. wyviUei and A. hairdii are 
closely related if not mere extr^nes of an intergradin|^ series of one and the 
same spexA&B. For example, two specimens from station D 5652 in ^e Gulf 
of Bom, depth of 526 faUi<»ns, have the margin of the central lens distinctly 
notthed with radial furrows as in the typi^ A. wyviUei; but there is an 
annular ridge on the outer side of the ring-furrow with a lAain peripheral 
margin as in A. bairdii. Also several other specimens show such very slight 
notches in the margin of the central lens that if one were not looking carefully 
for this feature it would surely pass unobserved and the medusa would be 
called A. aUaandri. A large specimen of A. gigantea, from a depth of 519 
fathoms in Buton Strait, shows aflSnities with A. ivyiriUeif A. bairdii, and A. 
verriUii. Thus the maigin of its central lens is irregularly notched as in A. 
wyviHei, but without nuiial furrows. There is an aitnular ridge upon tiie 
outer side of the ring-furrow, and the outer edge of this ridge is simple and 
entire, as in A. bairdit, in about two-thirds of its circumference, and notched 
as in the typical A. giganiea in the remaining one-third. The central lens is 
more than half as wide as the medusa, as in A. bairdii^ A. verriUii^ and A. 
valdivia. 

It is evident that intergrading conditions prevail to a hopeless degree among 
many of the so-called "species'' of AtoUa. In fact, I thii^ there are but two 
well-Kiistinguished species: A. bairdii with smooth exumbrella and A. chuni 
with well-developed and quite regularly arranged p^>ill« upon the exumbrella 
sides of the lappets. As a matter of convenience, however, we may distinguish 
A. bctbrdii var. wyviUei by the notched margin of its central lens, and the 
absence of a well-marked annular ridge on the outer side of its coronal furrow; 
for while there is often an annular ridge on the outer side of the ring furrow, 
the maigin of the central lens usually projects over it. overarching and con- 
cealing it from view. A. bairdii is a case where this rioge is so well developed 
that it projects beyond the margin of the central lens. 
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35 specimens of AtoUa were found by the Albatross among the Philippine 
Islands; and of these 18 are more or less typical A. wyviUei, 4 are interm^Uate 
in condition between A. wyviUei and A. cimmdn^ 3 are intermediate between 
A. wyviUei and A. bairdii, 1 combines the characters of A. bairdii, A. gtganiea, 
and A. verrMii, 6 are intermediate, and 3 are A. bairdii forma valdivioB. 

The specimen of AtoUa gigantea which shows affinities with A. bairdii and 
A. verriUii was dredged at Station D 5647, from Buton Strait, about 11.6 
miles off North Island, depth 519 fathoms, bottom green mud. This medusa 
is a large one, being 130 nun. wide and with 29 tentacles. The diameter of 
the central lens is about 94 nmi. and the thickness of its gelatinous substance 
21 mm. The margin of the central lens is irregularly notched, but is without 
distinct radial furrows. Its margin overarches the ring-furrow, which is 15 
mm. deep. The outer edge of the ring-furrow ^diibits an annular ridge, which 
is, however, overarched and hidden imder the projecting margin of the central 
lens. Two-thirds of the circumference of the periphei^ edge of this annular 
ridge is entire and plain, as in il. bairdii, but about one-third of it is notched, 
the notches tending to lie in the radii of the tentacular pedalia, as in the 
typical A. gigantea. 

Other dimensions of this medusa (given in millimeters) are as follows: 
tentacular pedalia 11.5 long, 10.5 wide; rhopaLar pedalia 11.5 long, 8. 5 wide; 
(Uameter across subiunbrella to outer edge of ring-muscle about 126; width of 
ring-muscle 7.75; diameter across zone of gontuls about 96, each gonad is 
circular, disk shaped, and about 15 in diameter, the medusa being a female, 
and apparently nearly mature; diameter across central stomach about 66; 
length of manubriiun 46. 

It thus appears that in this specimen the central lens is more than half as 
mde as the medusa, as in il. bairdii and A. verriUii; its outer margin being 
slightly notched as in il. bairdii and A. vaidurice. The annular ridge is prob- 
ably concealed under the overarching edge of the central lens, as in il. wyviUei 
and A. verriUii. Part of the outer edge of the annular ridge is entire and 
even, as in il. bairdii and A. valdivue, and part of it is notched and furrowed, 
as in the typical A. gigantea. 

It is probable that most of the so-called specific distinctions between the 
various Atollas are mere individual peculiarities of no greater specific value 
than the difference between blue eyes and brown in man. 

List of stations among the Philippines from which specimens of AtoUas 

aUied to A. wyviUei were obtained. 

D 5201, April 10, 1008, from Sogod Bay, Southern Leyte Island, depth 554 fathoms, bottom 

gray sand and mud. 1 typical A. wyuiUei with 23 tentacles. Dimensions 

given in table. 
D 5285, July 20, 1008, about 17.5 miles off Malavatuan Island m the China Sea, depth 

272 fathoms, bottom soft mud. 11 specimens of medium sise, not well 

preserved, but all are probably A. wyvUlei. 
D 5348, December 27, 1008, in Palawan Passage, about 33.5 miles from Point Tabonan, 

depth 375 fathoms, bottom coarse sand. 1 specimen too imperfect for 

accurate specific determination. 
D 5471, June 10, 1000, about 15 miles ofiF Sialat Point Light on the east coast of Luz<»i, 

depth 508 fathoms. 2 specimens closely allied to A. akxandri, one with 20 

and the other with 26 tentacles. The dimensions of both are given in the 

table. 
D 5486, July 31, 1000, about 6 miks ofiF Batobolo Point, between Leyte and Mindanao, 

depth 585 fathoms. 4 badly preserved specimens, too imperfect for specific 

determination. 
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D 5493, August 2, 1909, about 5.5 miles o£f Diuata Point, between Leyte and Mindanao, 
depth 478 fathoms, bottom green mud. 4 specimens of A, toyviUei, The 
largest was 60 mm. wide, central lens 44 wide with indented margin, 22 tenta- 
cles each 21 mm. long. Another medusa was 50 mm. in diameter, central 
lens 29.5, with indented margin and 23 tentacles. Another medusa was 42 
mm. in diameter, central lens 33 mm. wide with distinct radial furrows and 
notched margin, 24 tentacles. The smallest medusa was 31 mm. wide, 
central lens 21 mm. wide with radial furrows and notched margin, 23 tentacles. 

D 5533, August 19, 1909, between Cdi>u and Siquijor, about 9.5 miles ofiF Balicasag Island, 
depth 432 fathoms, bottom green mud and sand. 1 specimen of A . wyviUei. 

D.5631, December 2, 1909, south of Pariente Strait, about 4.5 miles o£f Doworra Island, 
depth 809 fathoms, bottom green mud. 1 specimen approaching condition 
oi A, alexandri in having no distinct indentations or furrows at the margin 
oi the central lens. The dimensions of this specimen are stated in the table. 

D 5650, December 17, 1909, in the Gulf oi Boni, about 12.5 miles off Lamulu Point, depth 
540 fathoms, bottom green mud. 1 specimen distorted by pressing upon the 
bottom of the bottle in which it was preserved, so that its specific affinities can 
not be determined with accuracy. The medusa was 60 mm. wide, central lens 
42 mm. wide, with a few faint indentations in its margin. 24 tentacles. 

D.5652, December 17, 1909, in the Gulf oi Boni about 7.5 miles off Lamulu, depth 525 
fathoms, bottom green mud. 4 specimens, one of which b 89 mm. wide with 
31 tentacles and is an A. wyvUlei approaching the c<mdition (A A, alexandri. 
Its dimensions are stated in the table. Another specimen has 5 furrows in the 
margin of its central lens, but there is a plain-edged, projecting annular ridge 
on outer side of ring-furrow, as in A. hairdii. It thus combines characters 
oi A, xvyviUei with ihoeeot A, hairdii. This medusa is 51 mm. wide and has 29 
tentacles. Two other specimens, one 33 and the other 37 mm. in diameter, 
have each 20 tentacles, with the margins of their central lenses notched as in A. 
toyviUeif while they have well-developed annular ridges which project besrond 
the margin oi the ring-furrow, resembling A. bairdu in this respect, 

D 5657, December 19, 1909, in the Gulf of Boni, about 15.5 miles off Olang Point, depth 
492 fathoms, bottom gray mud. 1 specimen of A. wyviUei 54 mm. wide, cen- 
tral lens 41 mm. wide, 25 tentacles. 

DimenaioM (in mm.) of wme Bpedmens cf nan-ivpieal and lupical A, yf^fviUei, coUected by the 

AlbatrosB in the PhiUppine iBlands. 





Forma ii. wytOlM 

approaehing the 

eooditionof 


Typical 
ii. wytiBn. 


A. wifntUi 
approaching 
A. aUxoHfdn. 


A. w.fitM 
it. aMamian. 


LoesUty 


DMS2,Dee.l7,1909. 
Gnlf of Boni. depth 
525 fathoma. near 
Lamulo. 

89 

15 

31 

51 

Notched with about 
5 mora or leaa die- 

13 

7 

6.5 

6.5 

5 

8 
19 
78 

5.5 
47 

• • • • 

87 
22 


D5201, Apr. la 1906, 
aouth end of Leyte 
laland. depth 554 
fathoma. 

55 

26 

23 

40 

Notched with 22 ra^ 
dialfurrowa. 

3 

6.5 

6 

6.5 

5 

• ■ • • 

13 
48 

3 

28.5 
7X5 

21 
22 


D 5631, Dec 2, 1909. 
aouth of Pariente 
Strait, depth 809 
fathoms. 
68 

• • • • 

23 

45.5 

Only dightly wavy 
in placea. no dia- 
tinet notchea. 

• • • • 

5.75 
6.75 
6.75 
5.25 

• • • • 

14 
56.5 

4 
38 

BphericaL 

24 

• • • • 


D5471.Jttnel9.1909. 
off Sialet Point 
Ii^t.eaBtcoailof 
Loaoo. 568iathoiM. 
91 44 
19 8 
29 26 
54 25 

Faintly wary in oitt> 
Una. no furrows. 

9.5 4 
8.25 6 
7.5 4.5 

6.25 8.6 
5.75 8 

75 89 

4.5 2.75 
50.5 26.5 

87 18 
42 


DUmeter of entire medme 

ThiekneM of ben 


NwnlMT of tentedee . ^ ......... . 


Diameter of oentnl lene of ezom- 

breUa. 
Condition of mnrfin of oentnl 

lene of ezombreUn. 

Leofth of rbopelar pedaUn 

undth of rhopnlar pednlin 

Lensth of tentedee 

Diameter to outer edjn of rinc- 

Width of ffubumfareDn rint-moeole . 
Diameter eeroeiMne of fonede. . 
Dimenmone of eaeh fonad (oir- 

eomferential X radial). 
Diameter of eentral atomaoh 

l^tnmtK t\t m Anukfian . 
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AtoHft h^MA fenna TaMlTte VaiMffeiL 

AtdU ffMimm, VAimamuf , 1002, Wlven. Braeb. deutsoh. TieftM fiipaditioii, DAinpfer Valdima, 
Bd. 3. UeC. 1, p. 13. Taf. 1, Fig. 3; Taf. 6, Fign. 41-46.— Maas, 1903. SeyphonMdusen der 
Siboga Ezpedition, Monog. 11, p. 17, Taf. 1, Fign. 3. 4; Taf. 3, Fig. 23; Taf. 12, Fig. 108.— 
Matsb, 1910, MeduMi of the World, vol. 3. p. 565, fig. 358. 

This form \b very closely related to A. bairdii but the central disk is only 
half as wide as the medusa, and the 4 septal nodes are wider than in A. bairdii. 

The Albatross obtained three si)ecimens of this medusa in the Hiilippine 
Islands on April 10, 1908, at dredging station No. 5202, in Sogod Bay, depth 
502 fathoms, bottom green mud. The characters and dimensions of these 
specimens are given in Mayer's ''Medussa of the World," vol. 3, p. 565. 

Geo«0 PELAGIA P^rmi and Lesvcwr, 1M9. 

Ptlagw, PiRON rr Lbsusur, 1809, AnnaL du Mus. Hiat. Nat Paris, tome 14, p. 349. 

GSNBRIC CHABACTEB8. 

Semffiostomata of the family Pela^dse, in which the central stomach gives 
rise to 16 completely separated radiatmg pouches, 8 in the radii of the tentacles 
and 8 in the radii of the sense-organs. There are 8 adradial tentacles, 8 
rhopalia, and 16 partially cleft marginal lappets. Each of the 16 stomach 
pouches is deft at its distal end, where it enters the marginal lappets. There 
18 no ring-camd. 

PelsgU psBspyrs P^rmi and Lesvcwr. 

F^iogia panopyra, F^bon bt Lbsubur, 1807, Vojraga auz teirw Auttraleo, planche 31, fig. 2. 

This widely distributed tropical Pacific species is distinguished by its small, 
low, rounded exumbrella waj1», which are elliptical in outline and have a 
longitudinal furrow with cross-foldings. The beu becomes about 50 mm. wide, 
and the oesophagus is about as long as the bell-diameter, the mouth-arms 
being scnnewhat longer. In common with the species of Pelagian the color 
is highly variable, but the bell is usually rose-colored or violet, and the nettling- 
warts are violet. The gonads are usually purple and the mouth-arms violet. 

There are 21 specimens of this medusa in the collection of the AB>atross in 
the Philippines; 10 are from Station 5422, Miutsh 30, 1909, from a tow made at 
a depth of 15 feet below the surface, about 10 miles off Lusaran Point Light, 
between Panay and Guimaras; the lar^^ specimen is 33 mm. wide and with 
large gonads, while another 28 mm. wide has only small gonads. 11 young 
specimens were obtained at Station D5220, Apnl 24, 1908, on the surface 
between Luzon and Marinduque at 12^ 57"* p. m. These are all small and 
about 10 mm. in diameter, evidently being taken from a swarm of immature 
individuals. 

Gmim CHRTSAORA P^roB and Lesacwr, 1809. 

Ckry^mora, PisoN bt Lbsubub, 1809, Annal du Mus. Hist. Nat, Paris, tome 14, p. 364. 

GENERIC CHARACTERS. 

Pelagid® with 8 marginal sense-organs, 3X8 tentacles, and typically 4X8 
marginal lappets; although in C. melanaster the lobes may still furtl^r divide, 
giving 6X8 marginal lappets. 
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Ckrymunra melamutor, BiU2n>T, 1838, Mte. Aoad. Set St. Petenbourg;, Sci Nat., 86r. 0. tome 4, 
p. 385, Taf. 16, 17 

There is a weU-preeerved speeimeii of this medusa from Station D 5461, 
June 14, 1909, San Miguel Bay, east coast of LuMn, depth 11 fathoms. The 
bell is about 130 mm. in diameter and slightly flatter than a hemii^here. There 
are 16 radiating spoke-like streaks of faint umber color extendmg from near 
the apex ot the exumbrdla to the bell-margin in the radii of the 16 deft velar 
lobes. These 16 streaks occupjsr depressed radial areas sunken below the 
general level of the contour of the exumbrella, and they are besprinkled 
coarsely with wart*like nematocyst clusters of cinnamon-brown color. 

There are 8 rhopalia, 3X8 tentacles, and 6X8 marginal lobes. The velar 
lobes are cleft as in Brandt's figures and are neariy similar in shi^ aiid sise 
to the ocular la{q;)et8. They are, however, not narrower at the base than out- 
wardly, as in Brandt's figures, but are oval and ta;per quite regularly from 
base to tip. 




Fi«. 2. — ^An octant of the beU-mavfin of Ckrymutra mdonatt^r, from ezumbfelU stda. 

The tentacles are short and slender, the longest being not over 60 mm. 

The mouth-arms are long and slender, folded complexly, and about 170 mm. 
kmg. The gonads are well developed, ^)parently mature, and protrude 
through the subgenital ostia, the subgenital ostia being fully twice as wide as 
the perradial columns between them. Thus each ostium is 28 mm. kmg 
(drcumferentially) and 15 mm. wide (radially), while the perradial columns 
of the mouth-arms are only 13 mm. wide. 

In fonmdin the general cdor of the medusa is milky custard-yellow, the 
gonads being lighter. The apex of the exumbrella is besprinkled with cinna- 
mon-colored nematocyst warts, and the 16 radial streaks of light umber color 
are also besprinkled with brown-colored clusters of nematocysts. This medusa 
is widhdy distributed ov«r the ncHlh Pacific from Kamtsohatka to CaUf omia, 
but this PhilipiHne Island specimen is the first which has been obtained in the 
tro|MCs. 
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Genu DACTTLOMETRA L. Agassis, 1862. 

Daetylometra, Aqassiz, L., 1862, Contributions to Nat. Hist. tJ. S., vol. 4, p. 166. 

GENEBIC CHARACTBB8. 

Pelagidse with 8 rhopalia. 5X8 tentacles and 6X8 marginal lappets. 

Dactylometrft afrieana Vanhdffeii. 

Daetylomeira afrieana, YAimdwrms, 1902, Wissen. Ergeb. deutsoh. Tiefsee Expedition, Dampfor 
Valdma, Bd. 3, lief. 1, p. 40. Taf. 4. Fig. 20. 

Disk 100 to 130 mm. wide with exumbrella thickly covered with wart-like 
clusters of nettling cells. 6 well-developed marginal lappets and 5 long 
tentacles in each octant. Lappets and tentacles red. Red radial streaks 
over exumbrella. (Esophagus, palps, and gonads not highly colored. Colors of 
large specimens duller and more brownish than those of small meduss and 
not unlike the coloration of D, quinqtAedrrha, Distinguished by its lappets 
being de^ly pigmented near the margin on the exumbrella side. 

Vanhdnen's specimens came from the Great Fish Bay, coast of German 
Southwest Africa, in October 1898. Five specimens, all imperfect, the lar^sest 
about 105 mm. in diameter and with only 3X8 tentacles and 4X8 margmal 
lappets, were found by the Albatross at Station D 5461, Jime 14, 1909, at a 
depth of 12 fathoms, about 7.2 miles ofif Corregidor Light, Manila Bay, Luson. 
The bells are pinkish in hue, and thickly and uniformly besprinkled over the 
exumbrella with red-brown nematocyst warts. The lappets are edged on the 
exumbrella side with reddish brown. The tentacles have been lost and the 
mouth parts are imperfect. 

Another specimen, 166 mm. in diameter and with mouth-arms 280 mm. long, 
was found at Eowloon, China, on August 14, 1908. It has 3X8 tentacles, 
and 6X 8 marginal lappets, the lappets being edged on their exumbrella margins 
with russet brown. 

Light (1914, Philippine Journal of Science, vol. 9, p. 198) records a Dacty- 
lometra from the Philippines which he believes is identical with D. quinque- 
cirrha. The bell is wlute, translucent, and covered on the exumbrella with 
minute white spots. 

Light's specimens were all in the Chrysaora stage with 24 tentacles and 32 
marfflnal lappets. The sting which this medusa inflicts is far more severe 
than that given by the Dadylometra of our American coast. 

Genu SANDERIA Goette, 1886. 

Sanderia, Gobttb, 1886, Sitsungsber. Akad. Wiasen. Berlin, Jahrg. 1886, p. 835.— Vamh6ffbv, 
1902, Wiasen. Ergeb. deutach. Tiefsee Expedition, Dampfer Valdima, Bd. 3, D'ef. 1, p. 37. 

GENERIC CHARACTERS. 

Pelagidffi with 16 marginal sense-organs, 16 tentacles, and 32 cleft marginal 
lappets. 4 lips, 4 interradial gonads, and 32 peripheral stomach-pouches in 
the radii of the tentacles and sense-organs. No marginal ring-canal. 

Sanderia malayensis Groette. 

Sanderia malayeMU, Gobttb, 1886, Sitsungsber. Akad. Wiasen. Berlin, Jahrg., 1886, p. 835.^ 
VanbOfivn, 1902, Wiasen. Ergeb. deutsoh. Tiefaee Expedition, Dampfer Faldioid, Bd. S 
Uef. 1, p. 38, Taf. 3, Fig. 12; Taf. 8, Fign. 69-74.— NfATBB, 1910. Medua» of the World, 
vol. 3, p. 690. 

Found in the Indian Ocean, Gulf of Aden, at Singapore, and ofif the east 
coast of Africa. Some specimens of this medusa were found by the U. S. 
Fisheries Bureau steamer Albatross in the Philippine Islands between March 
and June 1908. 



I 
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A perfect specimen, found by the Albatross on March 8, 1908, at Station 
D 5175, in the Sulu Sea, southeast of Cagayanes Islands, Philippine Islands, 
had a bell 75 nun. wide, palps 46 long, central stomach 35 wide, contracted 
tentacles 65 long, and with 25 to 30 fin^r-shaped projections upon each gonad. 

One large imperfect specimen about 97 mm. in diameter is from Station 
D 5291, July 23, 1908, depth of 173 fathoms, about 2.2 miles off Escarceo 
Light, Southern Luzon. Only 3 gonads are left. These have between 14 to 
26 papillffi. 

Eight other specimens, of medium sise are from Station D 5386, March 9, 
1909. Depth 287 fathoms, about 25.3 miles off Arena Point, Ragay Gulf, 
Luzon. 

One imperfect specimen is from Station D 5532, August 13, 1909, from 
between Masbate and Leyte. Bell about 73 mm. wide and with 26 to 29 
fingernshaped processes on the gonads. 

One perfect specimen is from Station D 5456, Jime 7, 1909, East coast of 
Luzon, about 6.7 miles off L^gaspi Light. 

Genus DISCOMEDUSA Qaiis, 1877. 

Diaeonudusa, Cukus, 1877, Denkaohrift, Wien Acad., Bd. 38, p. 42. 
Ulman9-{-Umbro8a, Hasckbl, 1880, Syst. der Meduaen, p. 545. 
Vmbro9a, Maab, 1908, ESxp^tion Anterotique Francaise, Meduaes, p. 9. 

GENERIC CHARACTEB8. 

Ulmaridffi with 24 (3X8) tentacles, 32 (4X8) lappets, and 8 sense-organs. 
The tentacles arise from the clefts between the marginal lappets. There are 
8 simple, unbranched, adradial canals, 8 branched, perradial, and interradial 
canals, and a marginal ring-canal. 

Discomediisa phUippina Mayer. 

Diacomeduaa phUippirM, Matbb, 1910, Meduae oi the Worid, vol. 3, p. 607, fig. 388. 

This medusa bears a close resemblance to Parumbrosa polylobata Kishinouye 
(1910, Joumid College of Science, Tol^o, Japan, vol. 27, Art. 9, p. 19, plate 
4, figs. 20-23) ; but in Kishinouye's medusa the marginal lobes are still further 
divided, being 64 instead of 32 as in D. phUippina. Moreover, the canal- 
system appears to be less complex in its branching in P. polylobata, so that it 
seems probable that the two are distinct species, not mere growth-stages one 
of the other. Should this view prove erroneous, however, the medusa should 
be called Parumbrosa polylobata Kishinouye. 

GemuB AURELUA P6roB and Lesacwr, 1809. 

AureUia, PAbon bt Lmubur, 1809, Annml. du Mu0. Hist. Nat, Paris, tome 14, p. 357. 
AurdiOt LiLMABCK, 1817. Syst. Anim. sans Vertebras, tome 2, p. 612. 
Aurellia, Matbr, 1910, Medusa of the World, vol. 3, p. 619. 

GBNBRIC CHARACTBB8. 

SemcBostomata with a simple central mouth-opening which is surrounded by 
4 well-developed, perradially situated, unbranched mouth-arms or palps. 
8 marginal sense-organs. The tentacles are small and alternate with an equal 
number of short lappets. Both tentacles and lappets arise from the sides 
of the exumbrella a short distance above bell-margin. The bell-margin is 
divided into 8 or 16 broad velar lobes. The central stomach gives rise to a 
number of branched, radiating canals which anastomose and are connected 
by a marginal ring-canal. There are 4 interradial gonads and 4 well-developed 
subgenitaJ pits. 
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M^duMa aurUrn, tsmiMCB, 1768, ByttUaam Nature, ed. 10, tomus 1, p. GflO. 

AwreiUm J UariduXa, PisoN st Lssubub, 1800 AmuO. du Mus. Hist. Nat., Paris, tome p. 14. 360. 

Aurtlia murita, Lamabck, 1817 Hiit. Anim. sans Vort., tome 2, p. 613. 

13 specimens of this universally distributed medusa were found by the 
Albatross among the Philippine Islands. 11 half-grown specimens are frcmi 
station D 5663, December 28, 1909, in Macassar Strait, depth 11 fathoms, 
about IJ miles off Eapoposang Island, 7^ 20" p. m. 2 larger but still imma- 
ture from Station D 5662, December 21, 1909, Flores Sea, near Tana Keke 
Wand, 6^ 40- to 6>» 12» a. m. 

AveUls labUta duuaisM and Eyinalnrdt 

Aurtlia labicki, Chamuso vnd Etssiihabdt, 1820, Nova Acta Phsrs. med. Laop. Car., tome 10, 
p. 358, planche 28, fisB. 1 A. B.— Matu, 1910, Medn«B of tba Worid, voL 3, p. 628, Sg. 
398.*~LiOKT, 1914, Philippine Jotinial of Scienoe, vol. 9, p. 200. 

Light, 1914, records a specimen of this medusa from the Philippines the bell 
of which was 225 mm. in diameter, 107 mm. across the gonads, and with each 
mouth-arm 100 mm. long. 

AureUia labiata is distinguished from A. aurUa by having 16 notches in its 
bell-margin, by its peculiar velum-like, inter^rhopalar, subumbrella mem- 
branes representing the true bell-margin, and by the very small size of its 
sub^nital ostia. The mouth-arms are also shorter than one commonly 
observes them to be in il. tmriUif and the terminal branches of the radial-canals 
anastomose to a greater degree than in A. awriia. 

The dimensions of three specimens obtained by the United States Fisheries 
Bureau steamer Albatross at Masbate Anchorage, Philippine Islands, on April 
21, 1908, are ss follows: 





mm. 


mm. 


mm. 


Diameter of umbrella 

Diameter aorcMiMioe of coaadfl. . . 
Length of each mouth-arra 


174 
57 
74 


180 
76 


128 
42 
52 



Four other qieoimens were caught at night upon the surface under the 
electric light, at Jolo Anchorage, on February 8, 1908. 

An abnormal but perfect specimen of Aturellia auriia was found at Tortugas, 
Florida, on July 27, 1914. This aberration closely resembled the noraial 
A. labiata of the Pacific. There were 16 deep notches in the bell-margin, 8 
perradial and 8 interradial, and the velum-like marginal membrane was like 
that of A. labiata. The small subgenital ostia and simple mouth-arms also 
re<»adled A. labiata, but the terminal branches of the adradial-canal system 
did not anastomose and in this resembled A. aurita rather than A. labiata. 
The case is interesting, as it leads one to suspect that A. Uxbiata of the Pacific 
has been derived as a mutation from the universally distributed A. avrUa. 
The bell of this Tortugas medusa was 270 mm. in diameter. Diameter of 
genital cross 78 mm. Palps simple and each about one-eighth longer than 
tne bell-radius. 8 sense organs, 8 interradial notches in the bell-margin. 8 
straight, simple, tum-pigmerUed perradial-canals, 8 straight pink-colored inter- 
radial-canals. The sparingly branched adradial-canals reach the bell-mamn 
without anastomosing and in this respect resemble those of A. aurita. The 
male gonads were pin^, the tentacles rich purple, the vdarium creamy white, 
the pSps purple-pmk, and the gelatinous substance pink. 
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Gtimam CASSIOPEA P«t«ii ud Lcmmu, 18M. 

C^uW|M«, PAbon vr Lmdiok, 1809, Annsl. du Mn*. Hirt. Nat. Pvu, tODM 14, bmn M. p. 8H. 

QENEBIC CHARACTEBS. 

Rkuotlomata pinnata with 8 (4 pain of) adradial, compksly branebed 
moutb-amu, the lower or ventral Buifacee of which bear numerous moutb- 
(qMoingB and vesieles. There are 4 gonadB and 4 separate subgenital oavitiea. 
There are more than 8 marginal sense-origaoB and twice as many radial-canals 
as sense^rgans. The radial-canala are placed in ccunmunioation one with 
another by means of an anastomosing network of vessels. A well-defined 
ring-canal may or may not be present, but is commonly absent. 

CassiopM sadraitwds tv. badnemis, dot. w. 
Jf«hiM am4rom»i*, FowIl, 177fi, DoMiipt. que in Itin«>« Omntali Obaarvavit, BMUUi, p. 

107, tab. 31. 
Cmuiopta snAvnMda, EacoacHOLTz, 1829, Syat. tier Aoalephen, p. 43. 

A Bpeeimen of this medusa is from Endeavour Strait between Australia and 
New Guinea, and was found by the AOhUtom on December 23, 1908. The 
bflU is 101 nun. in diamet«-, flat without an aboral depression, and with 18 



rhopalia. There are 4 to 8 usually 6 lappets between successive rhopalia. 
The arm-disk is octagonal, 36 mm. wide, and the 8 mouth-arms are each 34 mm. 
long and definitely bifuroattd, the forks being 16 mm. long, thus neariy htdf 
as long as the total length of the mouth-arms. There are no appendages 
among the mouth-anns, out tbeee may have been lost. The color has wholly 
faded in foimalin. 

Another specimen of this medusa was found at Badu Island, Torres Straits, 
Australia, within a few miles of Endeavour Strait, by the Expedition of the 
Carnegie Institution of Washington, on November 5, 1913, and was studied 
alive. 
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The bell is 61 mm. in diameter. There are 22 marginal sense-organs and 
(5 X 22) 1 10 bluntly romided, barely perceptible, evenly spaced marginal lappets 
all similar each to each. The arm-disk is about one-third as wide as the bell- 
diameter and the mouth-arms are compressed dorso-ventrally and when fully 
expanded extend slightly beyond the bell-margin, but in their ordinary state 
of contraction they do not quite reach the beU-margin. The side branches 
of these mouth-arms are short, but each arm is bifurcated at its outer end, 
the forked part being about one-third as long as the entire arm. There are 
about 20 lender, flat, tapering, central arm-disk appendages of various 
lengths, the longest of which is at the center of the oral side and is about half 
as long as the bell-radius. There is also a spatula-shaped appendage at the 
crotch of bifurcation of each mouth-arm. These are somewhat stouter than 
the central appendages, about half as long as the bell-radius, and with a bluish 
entoderm. There are numerous, minute, spatulate appendages among the 
mouth-arms. 

The general color of the bell of the medusa is olive-brown. There are 22 
large, triangular white spots with forked outer ends near the bell-margin in 
the radii of the sense-organs, and also (3X22) 66 short white streaks near the 
margin in the radii of the velar lappets. There are 22 interradial, dull bluish 
streaks in the subumbrella alternating with the rhopalia in position. 

This variety is distinguished by its bifurcated mouth-arms. Its nearest 
ally appears to be Caaeiopea andromeda var. aq^doblia Schultze, from Amboina, 
but it differs in its color pattern, in the absence of a central dome, and in its 
simple bifurcated mouth-arms, those of the Amboina medusa branching 
dichotomously. 

Cassiopea andromeda is the common species of the Indian Ocean, Red Sea, 
and Malay Archipelago, and Eellar records its having wandered into the Sues 
Canal. It gives rise to numerous local varieties. 

There are evidently a number of other varieties of Cassiopea in the Philip- 
pmes, for Light (1914, Philippine Journal of Science, vol. 9, p. 201) describes 
Cassiopea polypoides var. culionensis, C. polypoidesT, and C. medusa^ nov. sp. 
The last named is distinguished by its very large mouth-arm appendages which, 
in a medusa whose bell is 260 mm. in diameter, are 110 mm. long and 7.5 mm. 
in diameter, being cylindrical near the base and flattened at their outer ends. 
C. m^usa is described from Culion Bay, Culion, Philippine Islands. 

Genus CEPHEA F6roB and Lesueur, 1809. 

Cephea, PiRON bt Lbsubur. 1809, Annal. du Mus. Hist. Nat., Paris, tome 14, p. 360. 

QENBRIC CHARACTEBS. 

Rhizostomata dichotoma in which the 8 mouth-arms fork once dichotomously 
and each fork gives rise to short dichotomous or dendritic branches. Solid, 
wartHshaped tubercles at the center of the exumbrella. The central stomach 
gives rise to 8 rhopalar and numerous inter-rhopalar radial-canals, all of which 
connect with a network of anastomosing vessels in a wide zone near the 
margin. Rhopalia without ocelli and without sensory pits on the exumbrella. 
There is no definite ring-canal. Development unknown. 

Cephea octostyla (Forskkl). 

Meduaa octo9tyla, FobskIl, 1776, Desoript. Anim. I tin. Orient., p. 106, No. 18, Icon., tab. 20. 
Cephea octo9tyla, Matbb, 1910, Medusn of the Worid, vol. 3, p. 652, fig. 405. 

Many well-preserved specimens of Cephea odostyla were obtained by the 
United States Fisheries Bureau steamer Albatross at Jolo Anchorage, Philip- 
pine Islands, tropical Pacific, in February and March 1908, and have been 
described in Mayer's "Medusae of the World," vol. 3, p. 662. 
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Cephea cephea Tar. ecendea, non lypicaL 

Cephea eanUea, Vanh6ffbn, 1902, Wiaaen. Ergeb. deutsoh. Tiefsee Ezpeditton, FoUttui, Bd. 3, 
Lief. X, p. 45, Taf. 4, Fiisn. 13, 14.— Matbb, 1910, Medum of the Worid, vol. 3, p. 067. 

One well-preserved specimen of this medusa was found by the Albatross at 
Station D 5457, June 8, 1909, 5 miles off Legaspi Light, east coast of Luzon. 

The bell is flat, 109 mm. wide, with a low dome-like apex 34 mm. wide which 
is completely covered with long, conical, wart-shaped protuberances. There 
are 2 small ocular and 8 completely fused velar lappets m each octant, forming 
mere exumbrella thickenings on the exumbrella side of the bell-wall, and 
bridged over on the subumbrella side by a web of tissue. The arm-disk is 
50 mm. wide and the mouth-arms are laterally flattened, 29 mm. wide in the 
radial direction, and 44 mm. long. There are 3 to 6 slender filaments among 
the mouths of each mouth-arm. These taper to pointed ends and the longest 
are only 13 mm. long. There are no filaments upon the central parts of the 
arm-disk, but there are some at the bases of the mouth-arms. The filaments 
are thus much smaller and less numerous than in Vanhdffen's C. (xarulea from 
the east coast of Africa. 

There are 8 rhopalar radial-canals which extend straight to the sense- 
organs, and in addition there are from 5 to 7 inter-rhop^ur canals in each 
octant, which anastomose and lose their identity in a wide network of vessels 
which send branches to the rhopalar canals. The subgenital porticus is 
unitaiy. A color note states that the mouth-arms were pale hyaline blue and 
raw umber in color. 

Cepheaysp. 

Five specimens of Cepheay too poorly preserved to be determined specifically, 
were collected at the following stations: 

April 25, 1909, from Manila Bay, surface. 

April 29, 1909, from Manila Bay, behind the breakwater. 

D 5452, June 7, 1909, off Legaspi Island, east coast of Luxon. 

D 5453, June 7, 1909, off Lega^i Island, east coast of Luion. 

D 5461, June 14, 1909, Carino Island, east coast of Luson. 

Li^t (1914) records Cephea cephsa from Manila Bay in January 1912. 

Geims COTYLORHIZA L. Agassis, 19$2. 

Caiyhrhua, Aoassu, L., 1862, Cent. Nat. Hist. U. S., vol. 4, p. 162. 

GENERIC CHARACTERS. 

RhizostanuUa dichoioma with 8 simple, bifurcated mouth-arms, the terminal 
branches of which branch pinnately. The 4 subgenital ostia are simple and 
funnel-shaped, and there is a single subgenital porticus. The appendages 
upon the mouth-arms are mounted upon pedunculated filaments. There are 
8 maiginal sense-organs and numerous radial-canals which anastomose lat- 
erally without any definite ring-canal in the adult. The sense-dubs have no 
ocelli and no exumbrella sensory pit. There is a unitary peripheral zone of 
circular muscles and an inner zone of radial-muscles in the subumbrella. The 
exumbrella is smooth and without an aboral " sucker-like ** depression, but with 
a prominent central dome without wart-shaped elevations upon it. 

Cotylorldia p&ddcMf sp. hot. 

A single specimen of this interestmg medusa was obtained at the launch 
landing in Manila Bay, Luzon, Philippine Islands, on January 24, 190B. 
Unfortunately it was cut into several pieces before being preserved and this 
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renders an attempt to itudy it umMtirfaetwy in nuuiy respects. The bdl 
appears to have b«en about 300 nun. wide, exumbrdla miely granular, with a 
central dome as in CotyiorkiMu tubercidata. 

There are 8 rhopalia without ocelli (in formalin), and without exumbrella 
pits, being similar in essentia respects to those of CotylorMsa tuberadala. 
The rhopalar lappets are short and pointed. There are about 8 irregularly 
spaced, bluntly pointed, lai^ velar lappet« in each octant, and deep furrows 
between them extend radi^y inward over the exumbrella, oa in C. tubereviala. 
The velar hq>peta vary in length, but the largest are about twice aa long and 
twice aa wide as the oculm- laiqiets. 



Fia. 4.— ColirlarAua paeifiea, sp. aov. 

A. Viav of «D ooUat at the tMU-nwrsin tea from the MumbnIU tide. 

B. Abftiial view of orM of tlia mouUi-aniu. 

The circular muscles occupy the entire sone of the subumbrella beyond the 
arm-disk. They are broicen m the 8 principal radii, and unlike C. hiWeuIa/a 
there are no radial muscles. 

The arm-disk is about 100 mm. wide, the perradia! columns being each 36 
mm. wide. The subgenital ostia are much larger than in C. tuberculata, but 
they were so mutilated that one can not state their exact aise, which appears, 
however, to be nearly that of the perradial columns themselves. The speci- 
men having been cut into pieces, we can make no statement concerning the 
condition ot the subgenital porticus. 
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The 8 mouth-arms resemble those of C. iuberctdata, but there are window- 
like openings in the lateral membranes, as in Lobonema smitkii. The total 
length of each arm is 81 mm., the upper arm being one-fourth as long as the 
lower arm. At their widest part the arms are about three-fourths as wide as 
they are long. The center of the arm disk is thickly covered with slender 
filamentous appendages ^^ch terminate in nematocyst-bearing, swollen, 
knob-like ends, as do the appendages of the mouth-arms of C tuberctdala. In 
this Philippine Island medusa the appendages of the outer parts of the mouth- 
arms are much less numerous and smaller than in C. tvJbercmalay but are similar 
in general form to those of the Mediterranean medusa. The longest are about 
15 to 20 mm. long. 

The cruciform central stomach gives rise to about 140 radial-canals, the 
8 rhopidar canals being about twice as wide as the others, instead of being of 
the same calibre, as in C tvhercuUUa. All these canals anastomose in a 
network under the zone of the circular muscles. There is no distinct ring- 
canal. In formalin the specimen is dull uniform yellowish-brown. 

It differs from Cotylorhita tybercvlata in having no radial-muscles, and in the 
circular muscles being interrupted in the 8 principal radii. The subgenital 
oetia and arm-disk are larger and the appendages of the mouth-arms smaller 
and fewer than in C. tvbei^uUUa. Moreover, the peculiar window4ike open- 
ings in its mouth-arm membranes at once distinguish this species. 

These distinctions are indeed of such a nature that if one fdt so inclined a 
new ^nus could be established to receive this medusa. I believe, howev^, 
that its relationships will be more clearly indicated by placing it in the genus 
CUylorhiza^ within which it forms a well-marked species. 

Geow CATOSTTLUS L. kwsatkg. 18t2. 

Cai09tyhi9 (in part), Aoassu, L., 1862, Cont. Nat Hift. U. 8., vol. 4, pp. 152, 158. 

GBNKRIC CHARACTBBS. 

Rhizostomata triptera, in which the mouth-arms bear neither clubs, filaments, 
nor other appendages. 16 radial-canals, 8 rhopalar, and 8 adradial. The 
rhopalar-canals extend to the bell-margin, but the adradial-canals end in the 
ring-canal. On both its inner and outer sides the ring-canal gives off anasto- 
mosing vessek which may join with the radial-canals, but which do not connect 
directly with the central stomach. Among characters of minor importance, 
the marginal sone of circular muscles in the subumbrella is only partially 
interrupted in the 8 principal radii. There is an exumbrella pit with radiating 
furrows above each sense-organ. 

Catoetjrltts pwpmt Mayer. 

ColMlyliM purpunw, Matsb, 1910, Medotn of Um Worid, vol. 8, p. 671, 6c. 412.^LroiiT, 1014« 
Philippine Journ. of Science, vol. 9, p. 207. 

This form is closely related to Catostylus stiphropteruSf from Temate, but 
differs in the number and arrangement of its marginal lappets, and in its deep, 
uniform purple-brown color. Light (1914) describes this medusa from Ine, 
whereas Mayer had only preserv^ material. In life the bell is higher than a 
h^nisphere, whereas in its contracted state in preservative fluids it is flatter 
than a hemisphere. When mature it is deep puiplish brown, and the sense- 
organs have brilliant silver ocellus-like spots which are larger in small than 
in full-grown meduss. When young the medusa may be plum-colored, or even 
translucent white. Small cyclops-like Crustacea were foimd by Light to be 
commensal with this medusa, the crustaceans lying upon the rhopaUr canids 
close to the sense-organs. 
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Li^t finds that Mayer is mistaken respecting the habits of this medusa and 
that it is not a bottom form, but swims in shallow water near the surface. 

Seven specimens found in Manila Bay on December 9, 1907, are in the 
coUection made by the United States Fisheries Bureau steamer AJbatrose, and 
a larger one found on March 11, 1908. This largest specimen serves as the 
t3rpe of the species in the National Museum at Washington. Its dimensions 
in millimeters are as follows: Bell 115 wide, evenly rounded, 35 high; arm- 
disk 75 wide where it arises from the subumbrella, 52 wide at level of origin 
of mouth-arms; mouth-arms 58 long, upper arm 7 long, lower arm 51 long 
and 30 wide. 

Another specimen of medium size, nearly mature, was found at Cavite 
Anchorage, Manila Bay, Luzon, on July 2, 1909. 

Light (1914) states that this is the commonest medusa in Manila Bay in 
November and December. 

Catostylns townsendU sp. noY. 

This species is named in honor of the authors friend Dr. Charles H. Town- 
send, the distinguished Director of the New York Aquarium. 

Six specimens were found at Station D 5594, September 30, 1909, about 6 
miles off Mount Putri, Borneo, in 11 fathoms. This medusa is closely allied 
to Caioetylue purpurue of Manila Bay, Philippine Islands, but in formalin its 
exumbreUa is milky in color and be^)eckled irregularly with numerous con- 
spicuous pm-ple-brown spots. The mouth-arms are more pointed than in 
C. purpuras. In some octants of the bell-margin the velar lappets are arranged 
as in C. purpuruSf but they are usually more numerous and more irregularly 
arranged than in C. purpurus. 

The dimensions of the largest specimen of C. townsendif stated in millimeters, 
are as follows: Bell 97 wide, flatter than a hemisphere, exumbreUa finely 
granular, gelatinous substance of a homy rigidity. Shape and consistency of 
the beU as in C. purpurus. 8 rhopalia without ocelli, in formalin, and with a 
deep dark-colored, furrowed, exumbreUa pit. 

The rhopalar lappets are small and oval, but the velar lappets are about 
twice as wide as long. Deep clefts between the lappets extend a short distance 
up the sides of the exumbreUa. The velar lappets are very irregular in 
arrangement, although they tend to conform to that seen in C. purpurus of 
Manila Bay, Luzon, yet in most of the octants the subdivisions of the principal 
lappets are more pronoimced and irr^i^ular than in C. purpurus^ so that there 
are usually 7 or 8 main velar lappets with 10 to 14 marginal lobes in each octant. 

The arm-disk is similar in shape to that of C. purpurus. It is 61 mm. in 
perradial and 45 mm. in interradial diameter. The perradial columns are 
17 mm. and the subgenital ostia 20 mm. wide. The projections and papillsB 
of the subgenital ostia are simUar to those of C. purpurus. The subgenital 
cavity is imitary. 

The 8 mouth-arms are each about 64 nmi. long, the upper, naked outer part 
of each arm being 14 mm. and the 3-winged lower part 50 mm. long. The 
arms are widest at the proximal parts of the 3-winged expansions which, when 
spread out, are about 31 wide. They taper to pointed distal ends and have 
no appendages among the mouth-frills. 

There is a powerful unbroken zone of circular muscles in the subumbrella, 
27 mm. wide, from tlie outer edge of the arm-disk to the beU-margin. There 
are also radial-muscle fibers on the abaxial sides of the 4 perradial columns of 
the arm disk, as in C purpurus. 

16 radial-canals arise from the cruciform central stomach. The 8 rhopalar- 
canals extend straight to the rhopaUa but the 8 adradial-canals end in the 
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ring-canal which is beneath an annular furrow or bend in the subumbrella 
13 mm. inward from the bell-mai^. On it« inner aide the ring-canal gives 
rise to from 4 to 7, uaually 5, centripetal canals between each succeaaive pair 
erf radial-canals. These centripetal vesaels anastomoee with one another and 
with the 16 radial-canals, and end blindly before reaching the stomach margin. 
On its outer «de the riog-canal gives off a network of vessels which ramify 
through the lappets. In formalin the medusa is opaque milky white with 
irregiuariy clustered brown spots over the exumbrella. 



Fio, 5. — Catottjfiia toinuetujt, frotn off Mount Putri, Borneo, SepUmber 30, 1909, 

This medusa is closely related to Acromitia maculMvs Light (1914, Phil- 
ippine Journal of Science, vol. 9, No. 3, sec. D, p. 212, figs. 4~S), but it has no 
filaments upon its mouth-aims. It is possible, however, that these were lost, 
but this seems improbable among 6 w^-preserved specimens. 

Moreover, in Catoaylua Ummsendi the centripetal vessels anastomoRc with 
the 16 radiid-canals, whereas in Acromitu* they join only with the 8 rbopEdar 
canals. It seuns probable, therefore, that Caiotiylua tovmtendi is a distinct 
species separate {mm AavmUxa maoilimis Light,and that Acromilut is a genua 
derived from a mutation from Catoetyltis. 
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CatMtjhu mosakiis (Q«*y and Galmard). 

Cephea motaica, Quot bt Gaucabd, 1824, Vojrace de V Uranie, Zoologie, p. 509, pUnohe 85, fig. S. 
CaioHylus mo9aicu$, AoAsaiz, 1862, Coot. Nat. Hist. U. 8., voL 4, p. 152.— Matsb, 1910, MeduM 
of the Worid. vol. 3, p. 666. 

A single immature medusa, which may possibly be the young of C. mosaicue, 
was taken by the Albatroes in a seine off the beach near tibe mouth of Malam- 
paya klvery Palawan Island, Philippine Islands, on December 26, 1906. It 
differs from C. mosaicue in having only 10 marginal lappets in each octant 
instCNEul of about 16, as in C moeaicue. Moreover, in C. mosaicue the lappets 
are all long, pointed, and similar in siie and shape each to each, whereas in 
the Philippine medusa there are 8 long^j)ointed velar and 2 much shorter, 
oval, ocular limpets in each octant. The Philippine medusa is, however, 
quite small, being only 86 oun. in diameter, whereas C. mosaicus becomes fuUy 
350 mm. wide. These differences may therefore be due to immaturity. In 
the Philippine medusa the bell is 86 mm. wide, mouth-arms 63 mm. long, the 
upper arms being 11 mm. and the lower 52 oun. The interradial subgenital 
ostia are 18 mm. wide with a large oval or nearly spherical papilla on the sub- 
umbrella. The perradial colunms of the arm-disk are only 12 mm. wide, thus 
the ostia are 1.5 times as wide as the columns. The perradial diameter of the 
arm-disk is 52 oun. and its interradial diameter 44 mm. The powerful ring- 
muscles of the subumbrella are only partially interrupted in the 8 chief radiL 
The exumbrella is coarsely granular and besprinkled thickly with numerous 
minute cinnamon-brown flecks. Other parts of the medusa are pale milky 
pii)>v The gelatinous substance is toug^ and rigid. 

s^ ehis be not C. mosaictis it is certcunl^ very closely related to this well- 
known Australian medusa. C. moeaicua is abundant in ba3rs and estuaries 
along the Australian coast from Melbourne to the mouth of the Brisbane River 
in Queensland. 

In Sydney Harbor all specimens of this medusa are dull creamy brown or 
yellowish in color, but in Moreton Bay, Queensland, most of them are cobalt 
blue. It is interesting to see that H. B. Bigelow (1914, University of Cali- 
fornia Publications in Zoology, vol. 13, p. 239) finds that Stomolophus mdeagrie 
in Sui Diego Bay, Califomia, is prussian blue instead of being dull yellow, as 
in the Atlajltic. 

Catoetylus mosaictia appears to breed throughout the year in Moreton Bay, 
Queensland, but in the temperate regions of Australia it is said to become 
mature only in summer and autumn. 

Genu LTCHNORHIZA HMckel, 1880. 

Lyehnorhiga-^Crambarhua, Habckbl, 1880, Syst. der Medusen, pp. 587, 633. 

GENERIC CHARACTERS. 

KhizoHomala triptera with filaments, but without clubs, upon the 3-winged 
mouth-arms. No axial terminal club at end of each arm, and no club-shi^ied 
appendages between the mouths. The stomach gives rise to 16 radial-canals : 
8 rhopalar and 8 adradial. The rhopalar-canals extend to the bell-maigin, 
but the adradial ones end in the ring-canal. Blindly ending, centripetal 
vessels arise from the inner side of the ring-canal and may anastomose to some 
extent. On its outer side the ring-canal gives off a network of anastomosing 
vessels which extend into the lappets. 
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LychBorliiM bartickl Mayer. 

Lychnorhita harttehi, Mates, 1910, Meduae of the Worid, vol. 3, p. 674, figs. 413, 414. 

Named in honor of Dr. Paul Bartsch, of the United States National Mu- 
seum. 

Bell 84 mm. wide, flatter than a hemisphere and with smooth exumbrella 
surface. Gelatinous substance thick but not very rigid. 8 rhopalia each 
with an ocellus, and an exumbrella sensoiy pit with dendritic furrows over its 
floor. 96 (8X12) lappets, 10 bluntly pointed veliur lappets between 2 some- 
what smaller ocular lappets in each octant. Arm-disk 51 mm. wide where it 
arises from the subumbrella, but only 47 mm. wide at the level of origin of the 
8 mouth-arms. The 4 subgenital ostia are crescent-shaped and each is 
covered above by a gelatinous flap. They are only half as wide as the perradial 
columns between them. Each perradial column exhibits a niche on its outer 
side which bears a superficial resemblance to the subgenital ostia. The sub- 
genital cavity is unitary. 

The 8 mouth-arms are laterally compressed and 36 mm. long, the lower 
3-winged parts of the arms being 24 mm. long and 23 mm. wide. Numerous 
simple, laterally flattened, tapering filaments arise from between the friUed 
mouths on all sides of the mouth-arms and from the arm-disk. The filaments 
upon the arm-disk are about 30 mm. long, but those from the outer parts of 
the mouth-arms are shorter. 

The central stomach is cruciform and about 46 mm. wide. 16 simple radial- 
canals, 8 rhopalar and 8 adradial. These are all put into intercommunication 
with a wide ring-canal which is at some distance inward from the marr' -". 
The adradial-canals terminate in this ring-canal, but the rhopalar-c&i!^ 
^ctend onward to the sense-organs. On ito inner side the ring-<»mal gives 
rise to 16 blindly ending networks of vessels which do not connect either with 
the stomach or with the radial-canals. On its outer side a fine-meshed net- 
work of vessels arises from the ring-canal and fuses with the rhopalar vessels. 
Around the margin at the bases of the lappets is a marginal ring-canal of 
fine caliber. There is a unitary uninterrupted system of ring-muscles in 
the marginal zone of the subumbrella, but no radial-muscles. 

The gelatinous substance is translucent and milky in formalin, and the 
gonads, mouth-frills, and canal-system are milky yellow. Dr. Bartsch states 
that these colors in the living ammal were nearly as they appear in the speci- 
men preserved in formalin. 

The type specimen was found by the United States Fisheries Bureau 
steamer, AJbatross, at Jolo Anchorage Philippine Islands, on February 13, 
1908, and 3 others were taken in Limb^ Strait, Celebes, in December 1909. 
The dimensions given above are those of the largest specimen from the Celebes, 
this being somewhat larger than the type-species previously described in 
"Medusa of the World," p. 674. 

LychBorliiM bomeiisist tp. iiot. 

A single specimen of this medusa was found at Tawao, Borneo, on Sep- 
tember 30, 1909, at 9>* 30> a. m. 

Bell 89 mm. wide, exumbrella smooth, somewhat flatter than a hemisphere. 
8 rhopalia, each with an ocellus and a furrowed exumbrella pit. The rhopalar 
lappets are very short and lanceolate. In each octant there are usually 7, 
occasionally 8, velar lappets. The lappets adjacent to the rhopalar lappets 
are about twice as wide as the remaining veLar lappets. All are oval and 
bluntly rounded. 
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The arm disk is half as wide as the bell, and the subgenital porticus U 
unitary. The external faces of the perradial columns have each a slight con- 
cavity, not a deep niche, as in Lychnorhua hatUchi. The sul^enital ostia are 
twice as wide as the perradial columns and each is arched over by a fiap-like 
projection. There are also 4 interradial papills upon the subumbrella, one 
tq)posite the opening of each sul^enital ostium. 

The 8 mouth-arms are not quite two-thirds as long as the bell-diameter, 
the upper arms being not quite half as long as the lower arms. Each mouth- 



Fta. 6. — LvcAnorAtMi bomtnnt, from Tawao, Borneo, Septembo' 30, tBOQ. Natural mae. Tbe 
CMtro-vaacul&r c&nali are sbown in one-third of the lubiunbrella. fi arma are removed, 
beioE cut off doae to the ann-diak. 

arm terminates in a single, slender, tapering, thread-like filament about 50 mm. 
long. There are also a few shorter, more lender, filaments which arise from 
the sides of the mouth-arms between the mouths. There are no filamenta 
upon the arm-disk. 

There is a wide zone of circular muscles in the subumbrella, and these are 
only partially interrupted in the 8 rhppalar radii. 

The central stomach gives rise to 16 radiid-canals, 8 of which extend to the 
rhopalia and the 8 others end in tbe ring-canal. On its inner side the ring- 
canal gives rise to 16 X 4 radial-vessets, which do not reach the margin of 
the stomach but anastomose one with another and with the 16 chief radial- 
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canals. On its outer side the ring-canal gives rise to about 100 radiating 
vessels all of which anastomose by side branches, forming a reticidum in the 
outer sone of the subumbrella. 

In formalin the gelatinous substance is translucent and milky and the gonads 
and mouth-frills are milky yellow. 

The following table will serve to indicate the distinctions between Lych- 
norhiza bomensis and Lychnorhvsa bartschi of the Philippines: 



L. baiiteki. 


L. 6em«nm. 


Vfii^r li^n^^^ 


(8X12) aU oval and similar eaeh to 
each. 

None 


(8X7) those adjaoent to rhopalar 
lappets being twiee as wide as 
the others. 

4. 

4 wide, shallow groores. 

About two-thirds as long as bell- 
diameter. 

A sii^ slender filament at outer 
end of eaeh arm- Other arm- 
filaments are rery short and 

arm-disk. 
Alnuist interrupted in 8 principal 
radii. 

Wide and erueiform. 


InterraduU DaDiUiB on the tub- 


umbrelU. 
PUTadud niches in the aim-diak . 


4 deep clefts 


Mouih-armt 

FilanM^iit^i 


Less "than half as lone as bell- 
diameter. 
Numerous. Lateral filaments as 


Orealar muioles 


long as those at outer tips of 
mouth-arms. Longest filaments 
are upon arnndiak. 

Rntire 


CmmI 9yvUm 

Oftntral itmnaeh 


Network on inner tide of rinc-eanal 
does not fuse with the 16 radial- 

Nmrraw And erueifonn 


1 



Genus MASTIGIAS L. Af assli, 1862. 

Miutigiat, Aoasbiz, L., 1862, Coot. Nat. Hist. U. 8., vol. 4, p. 152. 

GBNERIC CHARACTERS. 

Rhizostomata triptera with 3-winged mouth-arms, which terminate in a 
naked, club-shaped extremity. There are also smaller clubs and filaments 
between the frilled mouths. The mouths are developed not only along the 
edges of the 3 leaf-like wings of the lower parts of the mouth-arms, but sdso 
over parts of their flat, expanded sides. The central stomach gives rise to 
8 rhopalar-canals and numerous, interocular radial-canals, all of which anas- 
tomose and finally connect with the ring-canal. The rhopalar-canals extend 
straight to the sense-clubs, but the inter-rhopalar-canals end in the ring-canal. 
On its outer side the ring-canal gives off a network of vessels which extend 
into the lappet-zone and fuse with the outer ends of the rhopalar-canals. The 
ring-muscles of the subumbrella are interrupted in the 8 rhopalar radii. There 
is a unitary subgenital porticus. 

Mastigias papas (Lesson). 

Cephsa papua^ Lbsson, 1829, Voyage de la CoquUle, Zooph., p. 122, planche 11, figs. 2, 3. 

Mastioiaa papua, Aoassiz, L., 1862, Cont. Nat. Hist. U. S., vol. 4, p. 152. — Matbb, 1010, Me- 
dusae of the Worid, vol. 3, p. 678, fig. 415. — Liobt, 1014, Philippine Journ. of Science, vol* 
0, p. 209. 

This common medusa is widely distributed over the Malay Archipelago, 
Indian Ocean, and China Sea to Japan, and outward over the Pacific to the 
Fiji Islands. It gives rise to a number of varieties. Eight specimens, the 
largest 59 mm. in diameter, were found by the Albatross in the Philippines. 
Two specimens are from Santiago River, Pagapas Bay, Luzon, February 20, 
1909; two are from Pandanon Island between Cebu and Bohol, March 24, 
1909, and four were taken on the surface off Cebu on September 5, 1909. It 
was abundant in shallow water among the mangroves in Port Moresby, Papua, 
in November 1913. 
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Maitfifas ocdUU (Modeer). 

Medum oeeOaia, Modbbb, 1701, Nota. Aeta. Phsrs. Med., N. C, tome 8, Append., p. 27. 
CtphM ouOaia, PtooM wt hamumvm, 1800, AnnaL du Mas. Hist. Nat. Paris, tome 14, p. 361. 
MattiovM oeeBaia, HA»r«»f^ 1880, 8ynL der Medusen, p. 023. — Matsr, 1010, Meduan of the 
World, YoL 3, p. 680. 

The AUndrosa found small medusse of this variety in March and April, and 
a mature one in Januiuy in the Philippines, in 1908. It is distributed over 
the eastern parts of the Indian Ocean and in the China Sea. 

Gemw FHTLLORHIZA L. AftMii, 1SS2. 

PkyUorhiMa, Aqassiz, L., 1862, Cont. Nat Hist. U. 8., yoL 4, p. 158. 

GENBBIC CHARACTERS. 

Similar to the closely allied Lychnorkiza, but the centripetal vessels which 
arise from the inner side of the ring-canal join with the central stomach, as in 
MoBtigiaSf instead of ending blindly as in Lychnorkiza. The canal-system 
resembles that of MastigiaSf but the mouth-amis have no terminal clubs. 

PhyDorUu huoiii« sp. dot. 

Two specimens of this medusa were captured at a depth of 150 feet in 
Varadero Bay, Southern Luxon, Philippine Islands, on July 23, 1908. Unfor- 
tunately both became somewhat macerated in the preservative fluid. 

The bell of the larger and more perfect specimen is 60 mm. wide, flat, and 
witii findy granular exumbrella. 8 rhopsJia without ocelli in formalin and 
without exumbrella pits. 16 sickle-shaped rhopalar lappets, and (9X8) 72 
rounded velar lappets which are somewhat wider but not longer than the 
rhopalar lappets, so that the general contour of the bell-margin is circular, 
without deep niches in the rhopalar radii. 

The arm-disk is cruciform, 32 mm. in perradial and 20 mm. in interradial 
diameter. The subgenital ostia are 14 mm. and the perradial columns 8 mm. 
wide, and the subgenital portions is wide and unitary. 

The 8 mouth-arms are slender and strongly compressed laterally, their lower 
parts being 3-winged with deeply incised lateral membranes. The naked 
outer part of each upper arm is 13 mm. and the 3-winged lower part only 11 
mm. long. Any appendages which may have existed among the mouth-frills 
have disappeared in the preservative fluid owing to the maceration of the 
specimens. 

The muscular system of the subumbrella consists of a broad, uninterrupted 
sone of weakly developed circular muscles. In other hitherto known species 
of Phyllorhvsa the muscles are interrupted in the 8 principal radii. 

The central stomach is cruciform, 32 mm. in perradial and 16 mm. in 
interradial diameter. 8 radial-canals arise from the stomach and extend 
straight to the 8 rhopalia and these main canals are connected one with 
another by a ring-canal which is 6 mm. inward from the margin of the bell. 
In each octant 6 to 9 radiating vessels arise from the cruciform stomach anas- 
tomosing in an irregular network with one another and with the 8 main canals. 
On its outer side the ring-canal gives rise to a fine-meshed network of vessels 
which ramify through the lappets. 

A color note states that the medusa was light green with grayish whit« spots. 
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Ge» TEKSCRA Hmeekd, 1880. 

CVoHOftonia pnoeouiHed for moUiuks by Noni> uid Lyoett, ISSO. 
Crouelema, Aauaii, L., 1883, Coat. Nat. HiiL U. S., voL 4, p. 155. 
Vrmn+Cronotloma, Habchl, 1880, Sy>t. der MsdiusD. pp. 006, 007. 

OBNBRIC CHAaACTBRS. 
Rhixoslomata triptera with clubs and filaments upon the mouth-arms. The 
4 perradial canals arise directly from the stomach, but the 4 interradial canals 
result from the fusion of a number of anastomosing vessels which arise from 
the interradial sides of the stomach. There is no definite ring-canal, but 
merely a marginal network of vessels. There are no radial-muscles in the 
subumbrella, but the ring>muscles are well devel(q>ed. Among the characters 



B, and the caatro-viuwular 
eanslB below 

of minor importance, the subgenital ostia are wide openings, wider than the 
columns between them, and the sense-organs have a simple, exumbrelta pit 
without radiating furrows. At the center of the arm-disk is a prominent, 
raised cluster of frilled mouths having filaments between them. 

Versura muai Mmrer. 
Vrmrtx moon', M&TMt. 1910. Meduoe of the World, vol. 3, p. 687. Rt. 410. 

Named in honor of Professor Dr. Otto Maas, in recognition of his notable 
researches upon medusse. Described in Mayer's "MeSusje of the World." 
A sin^e perfect specimen was obtained by the United States Fisheries Bureau 
steamer ABiaiross on April 8, 1908, along the shore at Mantacao Island, west 
coast of Bohol, Philippme Islands. 



196 Papers from the Department of Marine Biology. 

Geaw LOBONEMA Mayer, If !•; mmni U0A, If 14. 

Lobonema, Matsr, 1010, Meduan of the Worid, voL 3, p. 688. — ^Liobt. 1014, Philippine Joum. of 
Sdenoe, vol. 0, p. 216. 

GENERIC CHARACTEB8. 

Rhizodomata triptera in which the marginal lappets are greatly extended, 
tapering to pointed ends. These lappets are non-contractile and lack muscles. 
Mouth-arms with numerous filaments. Mouth-arm membranes perforated 
by window-like openings. 8 to 16 rhopalia and twice as many radml-canals, 
and a ring-canal which gives off anastomosing vessels on both its inner and 
outer sides. The inner network does not connect with the stomach. All of 
the radial-canals extend beyond the ring-canal. The subumbrella exhilnts a 
well-developed system of ring-muscles. There are numerous, prominent, 
taperin|^ papillse upon the exumbrella. There is a sensory pit on the exum- 
brella side above each rhopalium, and the floor of the pit exhibits radiating, 
dendritic furrows. 

Lobonema smiihii, the first-known species and type of the genus, was ob- 
tained by the AJbatrosa in Manila Bay, Philippine Idands, late in April 1906, 
and described in Mayer's ''Medusse of the World'' (vol. 3, p. 689, fi^. 417, 
418). It is named in honor of Dr. Hugh M. Smith, Commissioner of Fisheries 
of the United States. Another species from Palawan was described by Light 
(1914, Philippine Journal of Science, vol. 9, p. 217, figs. 7-9) under the name 
Lobonema mayeri. 

Lobonema smiihii has only 8 maiynal sense-organs, and the subumbrella 
ring muscles are entire; while in L. mayeri there are 12 to 16 marginal sense- 
organs and the circular muscles are completely interrupted in the ocular radii. 
Lo^t, who studied the medussB in life, states that the colors of Lobonema 
mayeri are an exquisite scheme of purple, violet, and rose-pink. The gonads 
are as a rule pink, the general color is violet, and the fringe of tapering 
marginal lappets purple. Dr. Light tells me that in Lobonema smithii these 
colors are not so brilliant and the beU of the medusa may be white. Light 
finds that the sting of this medusa is not very severe and that the cases of 
poisoning reported by Old were probiJ:)ly due to Dactylometra and not to 
Lobonema. 

light describes Lcbonemoides gracilis, an immature medusa which may 
possibly be a young stage of Lobonema mayeri. The marginal lappets are 
pointed but are not very long, and there are no window-like openings in the 
mouth-arm membranes. 

Genns THTSANOSTOMA L. Agassli, 1M2. 

Thysanoetoma, Aoassis., 1862, Coot. Nat. Hist. U. S., vol. 4, p. 153. 

OBNERIC CHARACTERS. 

Rhizodomata lorifera having mouth-arms bearing 3 rows of frilled mouths 
from base to lower end, without a terminal club. Among characters of minor 
importance, the 4 interradial, subgenital ostia are wider than the perradial 
columns between them. There are 8 rhopalar canals and a ring-canal which 
gives ofiF a network of vessels on both its inner and outer sides. This network 
connects with all the radial-canals and idso at numerous points with the 
central stomach. The well-developed circular muscles are only piurtially 
interrupted in the 8 principal radii. There is a small, shallow, exumbrella pit 
above each sense-organ, and there are no furrows in the floor of the pit. The 
only difference between this genus and the closely allied Lorifera is that the 
frilled mouths are developed even to the tips of the lower ends of the mouth- 
arm and there is no terminal club, whereas Lorifera has a naked terminal club. 
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(7) RkUoaUma braehtfura, haaaott, R. P., 1829, Voyage de la Co^iUe, Zoophyt., tome 2, p. 153; 

1830, Centurie Zoologique, p. 227, planohe 80. 
Thy9ano9Uma ihummura, Hasckbl, 1880, QytiL der Meduaen, p. 625, Taf. 39, Fign. 1-9. — Matbr, 

1910, Meduan of the World, voL 3, p. CM^, fig. 420. 

The dimensions, in millimeters, of a specimen obtained at Mindanao, Phil- 
ippine Islands, by the United States Bureau of Fisheries steamer AUnxtross, 
are as follows: Bell, 100 wide; perradial diameter of arm-disk, 74; diameter of 
arm-disk at level of origin of mouth-arms, 48; genital ostium, 40 wide; 
mouth-arms, 220 long, 24 wide at widest pait, 12 wide at their blimt tips; 
8 to 12 velar lappets in each octant; filamentary appendages on the arm-<^sk, 
10 to 15 long; exumbrella finely granular. 

In another large medusa from Mausalay, Mindoro, Philippine Islands, 
taken by the Albatross on June 4, 1908, from a depth of 150 feet, the bell is 
120 mm. wide and the mouth-arms 190 mm. long. In a half-grown medusa, 
obtained on the surface at the same time and place, the bell is 59 mm. wide 
with finely granular exumbrella; mouth-arms 67 mm. long; arm-disk 41 
mm. wide at its origin from the subumbrella imd 33 mm. wide at the level of 
the origins of the mouth-arms. 

Two specimens are from Atulayan Bay, east coast of Luson, Jime 17, 1909. 
Of these the larger one was cut into two pieces when viewed by me, but the 
bell appears to l^ve been about 106 mm. in diameter, the mouth-arms being 
167 mm. long, the upper arm 20 mm. and the lower arm 147 mm. long. 

A color note leads one to infer that in life the beU was translucent with a 
slightly brownish margin, and with the frilled mouths dark burnt-umber. 
The smaller specimen when alive had a translucent bell with some whitidi 
spots and with 8 indigo streaks along the 8 principal radii. The frilled mouths 
and bell-margin were pale brown. One specimen, 91 mm. in diameter with 
mouth-arms 155 mm. long, is from Station D 2268, September 21, 1909, depth 
13 fathoms off Singaan ledand north of Tawi TawL In this the arm-disk is 
59 mm. in perradial diameter, and the upper arms are 13 and the lower 
142 mm. long. 

Geiras LORIFERA Hgeckel, 1880. 

HimancUoma, preoccupied for Diptera by Loew, 1853. 

Himanotlioma, Aoabsix, L., 1862, Cont. Nat. Hist. U. S., vol. 4, p. 152. 

Lorifera, Habcksl, 1880, Syst. der Medusen, p. 628. 

GENERIC CHARACTEB8. 

Rhizostomata lorifera in which the 8 mouth-arms bear rows of frilled mouths 
throughout their lengths but terminate each in a naked knob. Among char- 
acters of minor importance the subgenital ostia are usually wider than the 
perradial disk-columns. The circuit muscles of the subumbrella are prac- 
tically entire. The sense-clubs have each an ocellus and a well-developed, 
exumbrella pit with radiating furrows. This genus is distinguished from the 
closely allied Thysanostoma only by the naked, club-shaped extremities of its 
mouth-arms. 

Lorifera lorifera tat. podAes (SckoUse). 

HinuMOtlama hriferum, war, pacifica, Schultub, L. S., 1897, Abhandlimc. Senckenberg* Naturf . 

QeeelL, Bd. 24, Heft 2, p. 153, Taf. 15, Fign. 1, la, 6; 1898, Denkachrift. Med. Nat. OeoeU. 

Jena, Bd. 8, p. 446, Taf. 34, Fig. 9 (young mednaa). 
Lorifera lorifma tor. paeifiea^ Matbb, 1910, Meduae of the Worid, vol. 3, p. 695. 

A single half-grown specimen of this medusa was found at Port Palapag, 
Luxon, by the United States Fisheries Bureau steamer Albatross on June 2, 
1909, being captured through the use of dynamite. Its bell is 98 mm. wide, 
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exumbrella finely granular, flatter than a hemisphere. The bellnnargin is 
badly damaged but there appear to be 6 to 8 cleft or subdivided velar lappets 
in each octwt. Their general contours are rounded, and inter-lobular clefts 
extend radially a short distance up the exiunbrella surface. 

The 8 rhopalia have each an ocellus, but no exumbrella pit. Perradial 
diameter of arm-disk, 55 mm.; width of subgenital ostia, 34 mm.; width of 
perradial columns of arm-disk, 12 mm. ; subgenital porticus wide and imitiuy ; 
naked upper arm, 20 mm. long; length of the abaxial side of the mouth-bearing 
part of each arm, 35 mm.; length of the terminal naked axial filament of each 
arm at least 40 mm., but all are broken at their ends. 

There is a thick felting of short filaments upon the arm disk. 

The circular muscles are unitary, being only partially interrupted in the 
8 principal radii. 

The 8 radial-canals are each about 3.5 mm. wide, and in addition there are 
about 8X10 slender radial-canals, all of which anastomose with one another 
and with the 8 chief radial-canals, forming a wide network in the subumbrella. 

In formalin the 8 chief radial-canals are violet. 

Schultze describes this medusa from Temate and from Amboina, Malay 
Archipelago. 



PART II. 



HYDROMEDUSJE OF TORRES STRAITS, AUSTRALIA. 

DESCRIPTION OF SPECIES. 

Gtmm STOMOTOCA L. Aganii, 1M2. 

Siomctoea, Aoabbu, L., 18A2. Cont. Nat. Hist. U. 8., vol. 4, p. 347.— Matbr. 1910, Meduan of 
the Worid, vol. 1, p. 106 

GENERIC CHARACTERS. 

Stomotocini with 2 long diametrically opposed perradial tentacles with 
hollow basal-bulbs. With or without other smaller tentacles or cirri, and 
with or without abaxial, ectodermal ocelli at the bases of the tentacles or drrL 
The interradial or adradial gonads are complexly folded and may migrate 
outwards more or less along the 4 radial-canals. These radial-canals are 
broad and flat and there is a well-developed circular canal. The hydroid 
appears to be Periganimus. 

Stomotoca twrida (Mayer). 
(Plate 1, Fig. 1.) 

Di9$onema turrida, Matkr, 1000, Mem. Mas. Comparative Zool. at Harvard Coll., vol. 37, p. 44, 
plate 2; also, 1010, MeduMB of the World, pp. 116, 490, plate 10, fig. 1; plate 22, fig. 1. 

Ampkinema turridOt Bioblow, H. B., 1909, Mem. Mus. Comparative Zool. at Harvard College, 
vol. 37, p. 200, plates 7, 40, 43, and 44. 

This medusa was fairly common at the Murray Islands, Torres Straits, 
Queensland, Australia, late in September 1913. H. B. Bigelow found it in 
Acapulco Harbor, Pacific coast of Mexico, and it is common at Tortugas, 
Florida. The largest of the Murray Island specimens was still immature, the 
bell being only 4 mm. in height, whereas at Tortugas, Florida, the bells of 
mature medusse are usually about 6 mm. high. It differs from the Tortugas 
medusse in its duller color, the green being absent, and there are no ocelli on the 
abaxial sides of the 2 main tentacles. The marginal cirri are only beginning 
to develop and the adradial gonads are beginning to migrate outward along 
the radiai-canals. The absence of ocelli at the bases of the 2 long ten- 
tacles may be due to the immaturity of the specimen, for they are sometimes 
absent from the tentacle bases of small medusse at Tortugas, Florida. Alto- 
gether the differences between the tropical Pacific and the tropical Atlantic 
medusse appear to be too slight to warrant their specific separation. This 
species is closely related to Siomoloca ocUedray but differs in having numerous 
marginal cirri each with an abaxial, ectodennal, basal ocellus. 

Geans CTTidS EsdMclMati, 1S29. 

Cvloif, EecHSCBOLTz, 1829, System der Acalephen, p. 104. 

GENERIC CHARACTERS. 

Cytseidse with 4 simple, radially placed, marginal tentacles, and with 4 or 
more simple, unbranched, oral tentacles. 
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CftmiM alUitfks (StMMtrap)- 
(Plate 1, Fig. 2.) 

A sin^e specimen of an immature Cyims was found at the Murray Islands, 
Torres Straits, Australia, on September 27, 1913. There were 8 simple onl 
tentacles and the manubriiun was moimted upon a small pedimcle, this being 
an indication of immaturity. The bell was half-eggnshaped, 3.5 mm. high 
with thin walls. 4 perradial marginal tentacles, each about two-thirds as 
long as the bell-diameter, and with large swollen basal bulbs, each with an 
absudal ectodermal ocellus and a mass of dark brown entodermal pigment. 
The manubrium is about two-thirds as long as the depth of the bell-cavity 
and the ectoderm is brownish yellow with a deeply pigmented, brown, central 
r^on. The 4 radial-canals and the ring-canal are narrow and uniform in 
width. 

This form so closely approaches the typical C aUantica of the Mediterranean 
and tropical Atlantic that I believe the two to be identical. 

Genns LAODICU Umob* 1843. 

Laodicia, Lbsson, 1843, Hist. Zooph. Acal., p. 294. 

OBNSRIC CHARACTBB8. 

Thaumantiadse with 4 gonads upon the 4 radial-canals. Clubs and cirri 
may arise from or near the bell-margin between the tentacles. Ocelli may 
occur on the inner (centrad) sides of the tentacle bulbs. The stomach lacks 
a peduncle and has 4 simple lips. The gonads extend outward from the sides 
of the stomach along the radial-canals and in mature medusse they nearly 
touch the ring-canal. The hydroid is Cttspidelta Hincks. 

LAodida lyiaiui A. Afasste and Mayer. 

Laodieea fijianat Aoabsiz, A., and Mater, 1899, Bull. Museum Comp. Zool. at Harvard Collefe, 
vol. 32, p. 163 plate 3, figs. 9, 10. 

The common Atlantic and Mediterranean Laodieea is L. eruciata L. Agassis, 
which has numerous clubs and cirri between the tentacles. In the tropical 
Pacific this form is apparently replaced by the closely allied L. fijiana A. 
Agassis and Mayer, which has very few clubs and wholly lacks cirri between the 
tentacles. Only about half of the tentacles in the Pacific form have ocelli, 
whereas in the Atlantic variety the majority of the tentacle bulbs bear ocelli. 

Thus at Maer Island, Torres Straits, Australia, in a medusa with 120 
tentacles, only 46 bore ocelli; another had 196 tentacles, only 56 of which bore 
ocelli. In other specimens, however, nearly three-fourths of the tentacles 
bore ocelli, in this respect resembling the Atlantic form. 

This medusa was quite common off Maer Island, Great Barrier Reef of 
Queensland, in September and October. Specimens were foimd ranging up to 
10 mm. in diameter, and in color they were milky, green, or violet as in L. 
cmciata of the Atlantic. 

Genns PmALIDIUM Lenckart, 1856. 

Phiaiidiumt Lbuckart, 1856 .Archiv fOr Naturgesch. Jahrg. 1, p. 18. 

GBNBRIC CHARACTERS. 

Eucopiidse with 16 or more marginal tentacles some of which remain per- 
manently rudimentary, with closed vesicular lithocysts scattered somewhat 
irregularly among the tentacles. 4 radial-canals upon which the 4 gonads are 
placed. Manubrium without a well-developed pedimcle and with 4 lips. The 
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tentacle bulbs are simple and are not flanked by cirri, and their entodermal cores 
do not project inward into the gelatinous substance of the bell. The hydroid 
is Campanulina Van Beneden. 

PUalMBviB padficwn Mms. 

(Plate 2, Fig. 3.) 
PkitUidium paeific%tm, Maab, 1006, Revue Suiflse de Zool., tome 14, p. 91, plate 2, fig. 7. 

Specimens of this medusa were fairly common in surface tows taken off the 
Murray Islands, Torres Straits, Australia, in September and October. When 
mature the bell was flatter than a hemisphere, thin-walled, and about 4.25 to 
5 mm. in diameter. In an average mature female there were 43 tentacles, all 
similar each to each and about hidf as long as the bell-radius. There were 26 
small spherical lithocysts, each with a sin^e concretion. The manubrium was 
small and with 4 simple lips, and the 4 swollen gonads occupied somewhat more 
than the middle thirds of the 4 slender radial-canals. The entoderm of the 
manubrium, gonads, and ring-canal was dull green to light grass-green. In 
some medus» the entodermal lamella of the beUwas green, but in others it was 
transparent and colorless. 

A comparison between the figures of this medusa from Torres Straits and 
one from the Mediterranean shown in figure 143, page 268 of Mayer's "Medusse 
of the World," will show that the two are identic^ in all essential respects. 
Moreover, it will be recalled that Calkins (1899, Proc. Boston Soc. Nat. Hist., 
vol. 28, p. 349) described a hydroid from Puget Soimd, Pacific coast of North 
America, which appears to be identical with the hydroid of Phialidittm hemu 
sphcaricufn of the Atlantic, and Murbach and Shearer record a medusa from 
Puget Soimd which may be derived from this hydroid. In fact were our 
Murray Island medusa foimd in the Mediterranean or off the coasts of Europe, 
we would at once call it Phialidium hemUphwricum; if off the American coast, 
P. Umguidunif and if in the Tropical Pacific, P. pacificum. These names 
merely express the doubt that still exists respecting the specific identity of 
the hydroids of these medusse, for no differences can be detected between the 
mature medusse themselves. 

When young, this Torres Straits medusa passes through a stage wherein there 
are 16 short, equally developed tentacles, 32 lithocysts, and 4 small gonads 
near the ring-cwal. 

Gems EimMA McCrady, 18S7. 

SuHma^ McCradt, 1S57, Gym. Charieeton Harbor, p. 87. 

GENERIC CHARACTERS. 

Eucopiidffi with 8 lithocysts, 2 in each quadrant, and with 4 or more well- 
developed tentacles, and numerous rudimentary tentacles, marginal cirri, or 
both. Stomach moimted upon a well-developed gelatinous peduncle. The 
4 or 8 linear gonads are developed upon the 4 radial-canals. The hydroid 
is Campanapsis. 

Eottina MtttraMs dot. sp. 

(Plate 3, Fig. 5.) 

This medusa was ccMnmon in surface tows off the Murray Islands, Torres 
Straits, Australia, in September and October 1913. The beU is flatter than a 
hemisphere and the gelatinous substance is thin and tenuous. There are 4 
perradial tentacles each about as long as the bell-radius and with laterally 
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flattenedi hollow, basal bulbs which are not flanked by cirri. The basal bulbs 
extend upward over the exiunbrella in the manner described by Browne for 
Eutima curva. There are about 64 short, blunt excretory papiUse upon the bell« 
margin and about one-quarter of these are flanked by one or occasionally two 
short coiled cirri. A dense black pigment collects in these excretory papillsB 
but is discharged if the medusa be left for several days in an aquarium without 
food. There are 8 adradial lithocysts, each with 7 to 9 spherical concretions. 
The gelatinous peduncle is about 1.25 times as lon^ as the bell-diameter, imd 
is conical above, and slender, 4H9ided, and prismatic below. The stomach is 
about one-fifth as long as the pedimcle, and there are 4 recurved and com- 
plexly crumpled lips. The 8 gonads are developed upon those parts of the 
radial-canals which lie over the subumbrella and the peduncle, but appear to 
reach maturity only over the pedimcle. The gonads, stomach, and tentacle 
bulbs are dull milky in color, all other parts being transparent. 

The nearest ally of this medusa is EtUima eUphas of the North Sea and 
Tropical Atlantic, but in this form there are no cirri upon the bell-margin. It 
is also closely related to EtUima miray but the laterally flattened tentacle bulbs 
which extend part way up the sides of the exumbrella appear to distinguish it 
from this common Atlantic EuUtna. 

Genus RHOPALONEMA Gef enbaiir, 1856. 

RhopdUmema (in part). Gbqenbaub, 1856, Zeit. fOr Wissen. Zool., Bd. 8, p. 245. 

GENERIC CHARACTERS. 

TrachymedussB with 8 well-developed tentacles in the radii of the 8 radial- 
canals, and with 8 or more club-shaped or cirrus-like tentacles. All tentacles 
arise from the bell-margin in a single row. The 8 gonads are developed upon 
the 8 radial-canals. 4 lips. Stomach without a peduncle. Lithoc3rst clubs 
in inclosed cavities on the bell-margin. 

Rliopaloneiiu Telatnin Gef enbaiir. 

(Plate 2, Fig. 4.) 

RhopaJUmema veUUum, GsaBifBAUB, 1856, Zeit. fOr Wissen. Zool., Bd. 8, p. 251, figs. 1-5. — Matsb, 
1910, Medusn of the Worid, vol. 2, p. 378, figs. 214-219. 

Specimens of this widely distributed medusa were found ofiF the Murray 
Islands, Queensland, Australia, in September and October 1913. The bell 
was nearly hemispherical, thin-walled, and about 8 mm. in diameter. There 
were 16 tentacles and 16 lithocysts following the tentacles in clockwise rotation 
aroimd the edge of the bell. The linear gonads occupied the middle thirds of 
the 8 radial-canals. The manubrium had 4 lips, and the velum was well 
developed. The entodermal lamella of the bell was bottle green, all other 
parts being colorless. 





Fi). I. Stomphca birriJa, from Munay Uuxk, Tone* Straite, Septembei 27, 1913. Surlace low. 
Fi|- 2. Qriodi allanUta. (rem Mun^ ltl4iKi>. Tona Stnili. Seplenbei 27. 1913. Surface low. 
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Fig. 3. PhialiJhtm paeffiatm, from Murray ItUods, Tonet Straitt, September 25, 1913. Surface tow. 
Fig. 4. Rhopalonema oelaium, from Murray blandi. Torres Straits. September 29. 1913. Surface tow. 
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REPORT ON THE BAHAMA CERIONS PLANTED ON THE 

FLORIDA KEYS. 



Bt Paul Bartsch. 



In the annual report of the Director of the Department of Marine 
Biology of the Carnegie Institution of Washington for 1912 (Year Book 
No. 11, pages 129-131), attention was called to the transplanting of a 
large number of two races of Bahama cerions to the Florida Keys. In 
Year Book No. 12 (1913) of the same Institution, a report of the results 
of the planting of Bahama cerions on the Florida Keys was made, on 
pages 169-172. In 1914 these plantations were visited at the end of 
April and the following results were noted. I shall first report on the 
conditions of the colonies in the various plantings, and then discuss 
the adult offspring grown in the various colonies. 

April Sly 1914' — ^We visited the plantation which had been made 
in 1912, on the second Ragged Key north of Sands Key, and gathered 
170 planted specimens, all but one of which were alive and seemed to 
be thriving; 55 of their offspring were also found, three full-grown 
(plate 3, the first 3 figures of the left-hand side of bottom row) ; the 
others varied in size from nepionic whorls to half-grown. We returned 
the original lot and two of the yoimg to the spot, taking the 3 adults 
for the collection of the U. S. National Museum, at Washington. In 
order to isolate the generations and in the hope of starting a new 
colony, 50 of the young were planted in a grassy spot about 62 feet 
northeast from the old planting; this planting was marked with a short 
stake and a piece of drift bamboo was put in an old stump near the 
place. The members of this colony have moved but little beyond 
their limits of last year. 

On the first Ragged Key north of Sands Key someone had built a 
house in the midst of our plantation. Our cerions were clinging to the 
walls of the house and to bushes and grass near it. We gathered 144 
of the original planting, all living, and placed them near the northwest 
comer of the house. We also collected 50 young, which, like those 
foimd on the last key, varied from mere tips to half-grown. Not one 
full-grown individual produced on this key was foimd. We took the 
50 yoimg to Sands Key, in order to start a new colony with this genera- 
tion, and planted them in the middle of the first sand stretch south of 
the north end, on the seaward side. The place is marked by an old 
skinned and bleached white tree, which forms a conspicuous landmark 
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oo tlri( moL ade. Tbcre are rro leser deftd imx one om each ade of 
tjj>r. Tiie ipenaeaf vere pttced c m pttidi off warn mar the 
of tbe <0jrusT d»i tree. a^ipaicE.th' m menr isronfafe hihitei The 
dkUuweoff tLi§ ker frKn u« £m Ttiqyd Key nortfc off Sarfi Key b 
<kJj m fev LiiAnd yards: becioe the enTirociDe^ui «BMBtoiMft ire 
prorj&bhr rcrj ceanr the suae is the tvx> piaccB. 

ilpnZ'^^. /k"-;.— Vsted Tea TahJe Key, aod found ito Bring 
aiid osJt a fev dead. ApparsiTlT this coCccy is doocned to 
Tl^ hhkai h iri^srted vith cr&bs. be^rtg hdikd with tfaeir Iwmias. 
aod t]^ snaH Ijermh crabe hare probably earned off most off llie flhdk. 

On IiMliao Key, 20 of the dead sperimfiw were still on the waH where 
we pbeed them last year, and 2 more were ai the base where the 
majofiiy were strewn. A thorough aeaieh rerealed oohr 13 fiviag 
specimens, so this eolony nho is on the Terge off extinction. No yomig 
indtviduals were found in this aeeond iJanting, We next Tisited the 
piaee where the original planting was made — the plaee whidi was so 
eompleiely overran with Tegetation last year that it was ^h'fwieii wiae 
to shift the colony a little further inland. The vegetelion is even mae 
dense than last year and it was impossible to determine if any had 
survived here. 

April iS, 1914.— In the eokmy on Duck Key, 107 off the marked 
shdls were recovered, an bat one ahve. Many of these were copulating. 
We found only <Hie young qiedmen, bu t the veg^aticMi here is so dense 
that ihe smaU young could easQy escape notice. The yonng inch- 
vidual obtained possessed cmly one postnudear whorL All the didb 
were put near the stake where we planted them last year, and it seems 
quite possible tiiat this ccrfony may survive. 

The c<dony at Bahia HcMida is doing wdL We gathered 46 marked 
q>eeimais — all that we could find — and took than westward to the 
summit of a little promcmUHy, dn^ping them between the stumps of 
two palms and maridng the place wiUi a stake. Across the ditch fnnn 
this stake stands a large pidm. We did not wish them to mingle with 
their grown or growing offq>ring, which are v&ry abundant on this 
plantation. We gathered 105 of the young and placed all but 13 at the 
base of the old stake. The 13"are full-grown, or nearly so, and these 
we took with us in order to compare them with the check series. (Plate 
1, bottom row.) Even in the fidd the Florida generation i^peared so 
remarkably different from their Bahama-bom parents that we could 
distinguish them the moment we saw them. 

On New Foimd Harbor Key the groimd where the planting was made 
was swamped with a dense growth of some malvaceous plant which 
was overgrown with a leguminous climber. Only 1 1 planted specimens 
were found, and no young. The place was so fearfully infested with 
mosquitoes that a long stay and exhaustive search was impossible, but 
from observed facts I would say that this colony was not prospering. 
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The colonies at Tortugas were studied from April 25 to April 28, 1914. 
Of the 72 painted cerions left on Bird Key, of which only 18 were noted 
in 1913, none remained. On Garden Key 138 of the ''King's Road 
Type" were planted in 1912, and of these we recovered 62, in 1913, 
and also one young of last year (1914) , all of which we transferred to the 
parade ground because we believed that the conditions there would be 
more favorable for their existence. Someone, however, burned the 
grass on the inside of the fort and thus destroyed our colony. An 
examination of the place in 1914, where the 138 were first planted in 
1912, revealed 6 Uving specimens of the original planting, but no young. 
The place was less overgrown this year than last. The cleaning up to 
which I subjected it last year seems to have decreased the Iponuxa 
pescaprce growth considerably, which gives the cerions a Uttle better 
chance. We left the 6 specimens in this place in a bunch of grass. 

On Loggerhead Key the conditions are much more favorable for the 
colonies, although here also we had some disappointments, for the 
colonies planted within the cages came to naught through an unfortu- 
nate accident. 

The northern colony near the laboratory (plate 7 a), consisting of the 
"White House Type" cerions, was in a flourishing condition. We 
gathered 615 yoimg in various stages of growth, from the mere nepionic 
tips to adults, and 162 of the planted specimens. The young were 
mostly about the bases of tufts of grass, being buried beneath the sur- 
face of the coral sand at the base of the grass bunches, from which a 
little scratching would bring them to the surface. The adult speci- 
mens (plate 2, top and bottom rows) of the first locally-grown genera- 
tion were retained for comparison with the check series at Washington. 
In 100 of the larger specimens (plate 5, lower figure) we made two 
^ scratches with a file in the ribs of the upper whorls, the other 500 being 
' ' left immarked. 

'^ The 500 tips (plate 4) of the northern colony we transferred to a 

: ^ place 150 feet distant from and a little south of east of the stake which 
^ marked the original planting (plate 7 b). They are in the southeast 
comer of the same meadow in which the original planting was made, 
in surroundings apparently entirely similar to those in which they 
-^ were bom. We marked this place with a stake and a metal tag which 

> bears the l^end, "Cerions — ^X." 

<' We planted the 100 marked specimens on the west side of the path 

between the laboratory and the light-house, about 135 feet south of 
the stake marking the original colony on this end of the island (plate 
^ 7 c). The planting is marked by a stake which stands in the north- 

y east comer of the large meadow, and bears the legend "Cerions — Y." 

^ The conditions here appear to be exactly like those where the speci- 

mens were bom — that Lb, bunches of Bahama grass and cactus forming 
the vegetation. This colony should therefore develop just as if the 
specimens had not been transferred. 
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King^s Road Type: Second Ragged Key north of Sands Key, good; Tea 
Table Key, probably extinct; Duck Key, undecided; New Found 
Harbor Key, almost extinct; Boca Grande Key, good; Garden Key, 
Tortugas, almost extinct; Loggerhead Key, Tortugas (plate 8 es), very 
good. 

White House Type: First Ragged Key north of Sands Key, good; TTir^lim 
Key, very poor; Bahia Honda, very good; Loggerhead Key, Tortugas 
(plate 7 a), very good. 

Mixed lot: Loggerhead Key, Tortugas (Plate 8h), as yet poor. 



1 



The colony at the southern end of the island (plate 8 e) appears to 
be in equally healthy condition. We gathered 300 young specimens, 
some of which are figured on plate 5, upper figure, and 3 full-grown and 
3 nearly full-grown individuals which were bom here (plate 3, top 
row). The young were planted in the small meadow a little to the 
northeast of the one in which the original colony of the ''King's Road 
Type" cerions were planted (plate 8 o) . This new colony is on a ridge, 
in a scanty growth of Bahama grass, and the place is marked by a stake 
bearing a tag with the legend, "Cerions — Z" 

The middle planting (plate 8 h), which consisted of 500 each of the 
"King's Road" and "White House" types, is not doing well. Part of 
the ground has been burned over and quite a number of the snails were 
destroyed. Most of the living individuals had taken to the fringe of 
bay cedars, and these do not appear to form a particularly suitable 
habitat. We cleaned the place up thoroughly, pulling up the cactus 
and cutting the grass, thus making an exhaustive search, which resulted 
in the recovery of 200 of the "White House Type" and 150 of the 
" King's Road Type " cerions, and a single tip. These were transferred 
into the second meadow northwest of the original south colony (plate ■ 
8 i). TUs mixed colony is marked by a stake bearing a tag with the j 
legend, "Cerions XX." The ground here is covered by a quite regu- 1 
larly distributed growth of short grass. 

April 29j 1914' — ^We visited Boca Grande and examined the colony 
planted about the beacon. The grass here had been burned over and { 
most of our specimens roasted. Quite a number of young, however, 
were present in the tufts of grass not consumed by fire, so this colony 
still promises to maintain itself. Three adults and one nearly grown 
(plate 3, the last four figures, bottom row) of the first generation were 
obtained and reserved for further study. 

The status of the various original plantings may therefore be briefly 
described as follows: 
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NEW CXXjONIES STARTED ON THE HjORIDA KEYS IN 1914. 
1. Niw Importations fbom thb Bahamas. 

On June 9 the Director, at my request, planted on the Tortugas 
the following newly imported material from the Bahamas: 

Two hmidred specimens of mottled cerions, plate 6, from Spring 
Hill, about 6 miles east-southeast of Nassau, New Providence, each 
marked with two file scratches on the second from the last whorl and 
with two notches in the outer lip, were planted about 75 feet from the 
southeast comer of the main (new) laboratory building on Loggerhead 
Key, and the place marked with a wooden stake bearing a lead label 
upon which is stamped "Spring Hill, Nassau, 1914" (plate 7d). Of 
this planting Dr. Mayer wrote, August 20, 1914: "I fear that all died 
at Tortugas, for I could find none of them on the bushes, but all lying 
on the ground, in July." 

Five hundred of the ''Kings Road Type" were marked with two file 
scratches on the last whorl and planted on the southern end of Logger- 
head Key, S. 24® W. from the long entrance stake, and S. 80® W. from 
the double stake which marks the 1912 ''King's Road Type" cerion 
planting (plate 8 f). This colony was marked by a stake bearing a 
lead label with the legend, ''Bastian Point, Andros, 1914." 

2. Transplantations op thb Fibst Qbnsration op Flobida-orown Spbcimbnb. 

These new colonies, mentioned previously, are to enable us to keep 
track of the various generations and to observe the reaction of each to 
the changed environment. They are on the second Ragged Key north 
of Sands Key, Sands Key, Bahia Honda, and Loggerhead Key. 

OBSERVATIONS ON THE ADULT SPECIMENS OF THE FIRST GENERATION OF 

FL0RIDA.B0RN INDIVIDUALS. 

The largest specimens of Florida-grown cerions found last year 
possessed seven postnuclear whorls, which make up about half of the 
entire length of the shell. From the study of these young specimens, 
we were led to make the statement that ''The results so far obtained seem 
to indicate that the first generation will be like the parent generation 
unless decided changes should take place in the later whorls, which 
have as yet not been developed. * * * If the present tendencies 
prevail in the adult shell, then we can say that the somaplasm has not 
at once responded to the change of environment." 

The adult specimens of the first generation of both races of Florida- 
grown individuals now enable us to say that a decided change has taken 
place; that the first generation is not like the parent generation, show- 
ing that the somaplasm in both of the races of cerions subjected to 
experimentation has responded to the new conditions in which they 
were developed. The extent to which changes have taken place is well 
shown by the illustrations accompanying this report. 
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THE ••WHITE HOUSE TYPE.** 

In order to determine the amount of variation which has taken place 
in the first generation of these snails bom and matured in Florida, a 
check series (plate 1, upper row, and plate 2, middle row) of 10 speci- 
mens was selected from a lot of more than 1,000 from Andros Island, 
Bahamas. These were collected at the same time and place in which 
the specimens planted on the Florida Keys in 1912 were obtained. 
These 10 specimens are part of a handful which was taken at random 
from the box containing the lot, and the 10 specimens in turn were 
picked from this handful without looking at them. We therefore 
assume that they represent a fairly t3rpical average series. They are 
characterized by quite uniform outline and sculpture. 

T!u se 10 specimens from left to right yield the data shown in table 1. 

Table 2.— Fir«< generaHon of "While Houh 
Type^* eerionB from Bahia Honda Key. 



Table 1. — Check eeriee 


''WkUe Hou9e 


Type^* eerione. 






Measurement 


No. 


No. of 
whorls. 


of shell. 










Alti- 


Diam- 






tude. 


eter.* 






Iliwi» 


fr»frl« 


1 


10.3 


26.5 


13.3 


2 


10.1 


27 


12.3 


3 


10.4 


26.8 


12.3 


4 


10.8 


28.5 


12.3 


5 


10.1 


24.5 


13 


6 


10.3 


26.3 


12 


7 


10.6 


27 


13 


8 


0.6 


25.4 


13.2 





10.1 


26.7 


12.2 


10 
Average 


10.3 


27 


12.3 


10.25 


26.37 


12.60 


Greatest 


10.8 


28.6 


13.3 


Least 


0.6 


24.6 


12 







Measurement 


No. 


No. of 
whorls. 


ofsheU. 


Alti- 


Diam- 






tude. 


eter. 






mm. 


wtm. 


It 


11 


31.5 


13.5 


2t 


11 


32.8 


13.4 


3 


10.3 


20 


13.3 


4 


10.8 


20.8 


13.2 


5 


10.7 


33 


13.5 


6 


10.5 


31 


14.4 


7 


11 


30.2 


13.2 


8 


10.4 


25.5 


12.1 





10.4 


24.6 


13.5 


10 
Average 


10.6 


20.8 


13 


10.67 


20.71 


13.30 


Greatest 


11 


32.8 


14.4 


Least 


10.3 


24.5 


12.1 



*Thi8 measurement in each case is the 
diameter of the shell from just back of 
the lip to a point diametrically opposite. 



tLength estimated. 
iShell not quite adult. 



A comparison of these first Florida generation shells (plate 1, lower 
row) with the cheek (Bahama parent generation) series (plate 1, upper 
row) shows that the general outline and sculpture seem to have been 
maintained, but the texture of the shells has a more glossy and harder 
appearance. The measurements show an increase in the number of 
whorls — a greater altitude with a greater range of variation. In the 
check series the total variation was 4 mm. In the Florida-bom off- 
spring it is 8.3 mm. The diameter has also increased materially, and 
with it the range of variation. In the check series this is 1.3 mm.; 
in the above, 2.3 mm. We may, therefore, say that the first generation 
from Bahia Honda, Florida, represents a much more variable organism 
than the parent stock in the Bahamas. 
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The 20 specimens of the first generation from the north colony of 
Loggerhead Key, Tortugas (plate 2, top and bottom rows) , are extrmndy 
interesting. They possess a greater nimiber of whorls than the check 
series or parent generation (plate 2, middle row). The altitude is also 
greater, the average of the check series being 26.37 nmi. ; that of the 
present generation, 28.80 nmi. The variation in this measurement is 
also much increased, ranging from 25 mm. to 34 mm., as against 24.5 
mm. to 28.5 mm. of the check series — t. e., there is a range of 9 nun. 
in the present series against 4 mm. of the check series. This raises 

Table 3.— Fir«( generoHon of the **WkUe House Type" cerunu from the 
north colony of Loggerhead Key, TortuQoe, Florida. 

(Plate 2, top and bottom row8.J 







Measurement of shell. 


No. 


No. of 


in millimeters. 


whorls. 












Altitude. 


Diameter. 


1 


11.4 


30.1 j 12.3 


2 


11.1 


20 


12 


3 


10.5 


31.7 


13.6 


4 


12 


'34 


12.3 


5 


10.6 


32 


14.6 


6 


11.3 


28.1 


11.7 


7 


11.4 


31.2 


13 


8 


11.9 


31.4 


12.1 





11.6 


30.2 


12 


10 


11.6 


28.1 


12.3 


11 


11.2 


♦27.8 


11.8 


12 


11.9 


28.2 


12.6 


13 


11.1 


26.6 


12.8 


14 


10.6 


26 


11.3 


15 


11.1 


28 


11.6 


16 


10.9 


26.3 


11 


17 


11.2 


27.2 


11.8 


18 


10.4 


26.5 


12.8 


19 
Average.. 


10.6 


20 12 


11.17 


28.80 


12.28 


Greatest. . 


12 


34 


14.6 


Least .... 

1 


10.4 1 


26 


11 



♦Altitade estimated; shell not quita adult. 

the variation in altitude 7 mm. above that observed in the first gen- 
eration bom and grown upon Bahia Honda, Florida. The average 
diameter in the north colony drops below that of the check series, 
being only 12.28 mm., against 12.59 mm. The range of variation, 
however, is much greater — t. e., 11 mm. to 14.5 mm. against 12 mm. 
to 13.3 mm. of the check series; or 3.5 mm. against 1.3 mm. This 
variation exceeds even that of the Bahia Honda grown first generation, 
in which it was 2.3 mm. 

The shape, coloration, and sculpture have also undergone decided 
modification in some of the specimens. There is a pronounced tendency 
in the entire lot toward greater elongation. This tendency reached its 
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TnaximiiTn in the fourth and eighth specimens of the bottom line of 
figures, plate 2. Associated with this is the producing, attenuating, 
and rounding of the base, best shown in the two figures alluded to above. 
The sculpture in most instances f oUo?^ the parent type, but in some it 
is decidedly different, and the variation does not follow a uniform 
direction. 

One type of variation is shown by figure 4 of the bottom line, plate 2, 
in which the ribs are almost obsolete and very widely spaced. Another 
is represented by specimens 14, 15, and 16 of the top line, which are 
much darker, much narrower, and have the ribs much more crowded 
than the members of the check series. These two departures are so 
pronounced that they would probably have been considered distinct 
species and deemed not very closely related to the parent stock by 
past workers in this group unfamiliar with the history of the specimens. 

THE "KING'S ROAD TYPE" OF CERIONS. 

The 8 specimens figured on plate 3 were taken at random in the same 
way that those of the "White House Type" were selected, from a large 
series collected in the Bahamas. They may therefore be taken as fairly 
t3rpical representations of that type. Most of the first generation pro- 
duced by the colonies of this type have not yet attained the adult stage. 
The material at hand enables us to say that the offspring of this group 
show changes from the parent stock as great, if not greater, than those 
observed in the first generation of the "White House Type." 

The three specimens from the second Ragged Key north of Sands 
Key (plate 3, figs. 1-3, bottom line) are imiformly liurger, darker, and 
with more attenuated base than the check series. 

The Boca Grande Key specimens (plate 3, figs. 4-7, bottom line) 
show great variation in size and also in coloration, but there is as yet 
not enough material to make comparisons. 

The greatest variation is shown by the first generation from the 
south colony on Loggerhead Key (plate 3, top row). Although only 
3 specimens were found that had attained full growth, most of the others 
figured have attained a stage so near maturity that we can readily see 
that they are much larger, decidedly more attenuated, and usually 
darker than the check series. 

It is to be hoped that next year will yield a larger series of the first 
generation of tins t3rpe. The second generation is also looked forward 
to with considerable interest, since in it the germ-plasm will have been 
subjected to the new environment, and tMs may entail still greater 
changes than have yet been observed, i. e., the effect of the new con- 
ditions upon the germ-plasm. 

In the following plates all figures are natural size excepting plate 6, 
which is reduced about one-seventh. 
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STRUCTURE AND POLARITY OF THE ELECTRIC MOTOR 

NERVEX^ELL IN TORPEDOES. 

By ULRIC DAHLGREN. 
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structure and polarity of the electric motor 

nerve<:ell in torpedoes. 

Some time ago the writer noticed that the electric motor nerve-cell 
of Tetronarce occidentalis, a large torpedo foimd on the coast of Massa- 
chusetts in America, contained two nucleoli in its nucleus; and further, 
that these nucleoli were different from one another in form and in 
chemical composition, as shown by their staining properties and their 
optical properties imder the microscope. The point of greatest in- 
terest, however, was the position of these two nucleoli, one always 
being dorsal and the other ventral in position in the nucleus. So 
invariable was this condition that it was decided to imdertake studies 
of these cells, and for that piupose a visit was made to the Naples 
Station, where Torpedo marmorata and Torpedo oceUaia are to be 
had. Here it was surprising to find that the electric motor nerve-cells 
of these two forms did not contain both the nucleoli f oimd in Tetronarce 
ocddenUdiSf but only one of them, the larger of the two, which always 
appears in the ventral position in the American form. This larger 
nucleolus corresponds to the body known to cytologists as the plasma- 
some and will be spoken of by this name. It is so evidently the same 
and shows such an evident tendency toward an orientation of its 
position that it was decided to prepare this paper chiefly with regard 
to the structure and position of the plasmosome in the electric motor 
nerve-cells of Torpedo oceUaia and Torpedo marmorata, reserving the 
material already gathered upon Tetronarce occidentalis for a second 
part of this paper when further experiments can be made upon that 
eastern American fish. 

This work will, therefore, consist of a description of the structure of the 
electric motor nerve-cell as f oimd in T. marmorata and T. oceUaia and an 
accoimt and discussion of the literature and of the experiments which 
were performed by the writer in an effort to decide what physiological 
and chemical or physical factors were capable of influencing the posi- 
tion of its nucleolus or plasmosome. Incidentally, some more or less 
interesting results of the experiments which pertain only indirectly to 
the main point will be mentioned, as well as a few new facts concerning 
the structure of the cytoplasm. 

I wish, at this point, to express my thanks to the Carnegie Institu- 
tion of Washington for allowing me to occupy one of their tables at 
the Zoological Station at Naples in 1912-13. Also to the oflScers of 
that Station for many kindnesses and for the very efficient help given 
me in the course of my work. 

As is well known, the electric organ of these fishes consists of two 
large masses of modified muscle, lying symmetrically on each side of 
the median line, as can be seen from the well-known figure of Fritsch 
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(fig. 24, pi. 6). It should be noted that the bram Ues midway between 
the two portions of the electric tissue in which the electromotive force 
is generated, and in a transverse section taken across the body of the 
animal as seen in figure 25, plate 6, we get a better view of this relation 
of the brain to the electric organ. 

The two poles of the organ, which is possibly some form of multiple 
concentration cell, are + or anode on the upper or dorsal surface of the 
animal and — or kathode on the lower or ventral surface. First 
Cavendish and later DuBois-Reymond worked out the course of the 
current caused by this organ in the surrounding salt water at the time 
of discharge, and the diagram by Cavendish, as well as the later and 
more correct diagram of DuBois-Reymond, are shown in text-figures 1 
and 2, respectively, where the field and its currents at the time of 
discharge are plotted. It can here be seen that the brain is theoreti- 
cally Ijdng in a current of some force running from the anode above 
to the kathode below, outside of the electric organ. These theoretical 
considerations have been proved to be true practically, by experiments 
in the laboratory conducted by the same great investigator, and it can 
thus be stated that the electric motor nerve-cells, in the so-called 
electric lobes of the brain, he in a current that passes from above 
downward, or in the opposite direction from the current that i)asses 
through the tissues of the electric organs themselves. 

A word as to the anatomy and general histological arrangement of 
the electric motor lobes of the torpedoes will be useful before proceeding. 
The muscle region which develops into the electric organ of this fish 
is innervated by fibers that proceed from the anterior or motor areas 
of the medulla oblongata. Owing, however, to their immense increase 
in size and the way in which they become massed in two sjnounetrical 
oval lobes, the two masses are forced by their growth up through the 
median wall of the medulla and come to he in what appears to be a 
dorsal and sensory position (plate 6, fig. 26). 

All the large cells in this mass, as will be presently described in more 
detail, have several processes, one of which is the neuraxon or efferent 
process. This neuraxon leaves the cell and, joining with other neurites 
from adjacent cells, all pass in these groups toward other similar 
groups, finally uniting to form the very large nerve-trunks that pass out 
of the ventro-lateral edge of the nerve-tract to go to the electric organs. 
Since the neuraxes pass downward on their course they usually leave or 
emerge from the ventral surface of the cell, but this is not true in all cases. 

It is easy to see from this description and from plate 6, figure 26, 
and text-figure 6 that the functional polarity or axis of the cell is in a 
majority of cases dorso- ventral, or, as the fish usually lies, is up and 
down. But while this is true, a not insignificant number of cells are 
so placed that, in order to reach the larger general groups of nerve- 
fibers, their neuraxes must leave them from any of their lateral sur- 
faces or even from their dorsal or upper surface (text-fig. 5). 
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Each of the cells in question is a typical nerve-cell of extraordinary 
size. They grow with the growth of the fish to a certain degree and 
in a well-developed fish, of say 35 cm. in length, these cells will average 
75 microns in diameter. They are compact in shape, as the various 
figures will show, and each gives off from 20 to 40 processes, one of which 
is the neuraxon or main impulse-carrier from the cell to the elecbro- 
plax which it supplies. The renuunder are dendritic in structure and 
are thin and richly branching. Some traces of a weak polarity in the 
arrangement of the processes can be seen (plate 3, all figs.) in the fact 
that in many of the cells the neuraxon is given off at one end of a 
slightly elongated cell, while a majority of the dendrites are given off 
at the otiier end. In other cases this is not so apparent and the 
distribution of the dendrites seems to be very general and not restricted 



F>o. 1. Fio. 2. 

Vta. I. — Diapam, litM CmTeDduh, to indiate eoime taken tliToush the aunoundiDf water by 

th« electric ounwit gtuienkted at tiine of diMiiaife of deotiio orsac ia roHMAi nwrnwrofa. 

Copied from "The PhWoloKy of Nerve, Muade and Heotrio Orcan" by Dubou- 

BqnDood, tmiilated by J. BunJon-Sandwaoii. Oifoid, 18ST. 
^°' 3- — Improved aod eorrected diacram of aBiiie condition* m in fig. 1, by Dubou-Reyuond. 

Copied from aame aoime ai fig. I. 

to any one area. Preparations made by teasing bits of electric lobe 
that have been macerated for 24 to 36 hours in one-third alcohol serve 
to show these features to advantage in plate 3, and in such isolated 
cells the processes can be seen for some (fistance, being seldom broken 
off less than the diameter of the cell in length, while in many cases 
they are shown for a much greater distance. There is seldom any 
diflSculty in distinguishing the axis-cylinder process from the dendrites. 
It takes its origin from the efferent pole or end of the cell, which forma 
a large and fairly well-defined implantation cone and which is further 
marked by being at a somewhat thinner and tapering end of the cell 
and by being bounded by the larger mass of pigment material. The 
process is not noticeably thicker than the dendrites, but it holds its 
thickness for a long distance from the cell. Also, like the implantation 
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cone itself, it is clearer and more decidedly fibrillar in texture than 
the dendrites, being free from the chromophyllic substance which is 
found in these processes. In some cases the neuraxon is shown 
unbroken in the teased preparations for a c^* stance of six or seven 
times the diameter of the cell. Plate 3 shows nine of these cells, in 
which the condition just stated can be easily seen. 

The structure of the cytoplasm is of interest in r^ard to some 
possibilities as to a poiarity and orientation of the elements of the cells. 
As observed in sections stained in most of the usual ways and in macera- 
tions of several kinds, and particularly by careful study of the living 
cells under the best and highest-powered lenses, it consists of the 
following substances: 

First, a delicate protoplasm which pervades all parts of the cyto- 
plasm as a reticulum. It is not stainable with the chromatic dyes 
and is only seen in certain torn parts of stained sections when deeply 
stained with eosin or acid-fuchsin. It is not easily distinguishable 
from the fibrillar substance which appears to make up the bulk of 
the ceU-body. This fibrillar material is seen m both stamed and 
imstained specimens as a ^'fibrillar mass" which passes into or out of 
the cell through both dendrites and axis-cylinder process and which 
forms at various points more marked paths through the cell-body 
than at others. It does not stain with the ordinary dyes and has been 
demonstrated by Apathy, Mann, Hatai, and others, to be, or to contain, 
a series of fine, sharp, and contmuous fibrils running in bundles and 
courses that appear to be the possible pathways of the nerve impulse. 
As this material seems to determine no polarity of the cell that bears 
upon our main point, I shall not consider it further. 

Another material is the well-known Nissl substance or chromophyllic 
substance, which i^pears in the form of fine granules. Its most promi- 
nent pecularities are that it stains with the chromatin dyes in a fairly 
strong way, that it has about the same index of refraction as the fibrillar 
mass in the living cell, and that, in this electric cell at least, its compo- 
nent granules are not sharply defined bodies, but seem to be soft or 
jelly-like in varying degrees, according to the fixation and staining 
processes that the cell is subjected to. It is scarcely visible in life 
(plate 2, fig. 3). 

The arrangement of the granules in masses of various sizes, known 
as the Nissl bodies or tigroid bodies, is a natiural one. They are packed 
by the various crossing and turning bimdles of fibrillar substance into 
the spaces that lie between their various courses. Thus, they are often 
spindle-shaped or three-cornered. Also, where very many bundles of 
fibrils must be crowded into a compact parallel mass, these bodies 
are excluded as a mechanical necessity, as is seen particularly at the 
point in the cell where the axis-cylinder process is about to leave the 
cell, the implantation cone. The chromophyllic substance is also 
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found to be lacking in the extreme periphery of this and other nerve- 
cells, where its absence has been accounted for in various ways by 
Rhode (30) and other writers* As this substance is also of no signifi- 
cance in regard to any p^^ty or orientation of the cell, it will not 
be dealt with further in regard to its properties or meaning and its 
literature will not be cited. It may be seen in a well-stained condition 
in figure 1, plate 1. 

Another content of the cell was of more importance as a guide to 
polarity. This consisted of a number of granules of a substance first 
described by M. Shultze and subsequently more definitely by Garten 
(17 b). These granules were best studied by the writer in the living 
cell and then in macerated and teased specimens and lastly in sections. 
Thdr most promin^it feature is only shown when studied in the living 
cell. Here they show a very high index of refraction, which disi^pears 
when treated with the usual clearing reagents. Thus these granules 
do not appear in unstained sections on account of their refractive 
properties. As Garten says: ^'am ungef&rbten Preparat waren die 
Komchen nicht sichtbar." 

In fresh or recently fixed formalin material these granules were visible 
not only by reason of their refraction quaUty but also because of their 
color. This was much more noticeable 'm some cases than in others 
and in one case their color was a rich, golden-orange, like some of the 
lighter brown pigments found in vertebrate skin and elsewhere. The 
depth of color m the granules was found to correspond to the external 
and iutemal c<4or of the electric lobes of the brain in which they are 
found and in Torpedo oceUata and Torpedo marmorata this varied from 
a faint yellowish tinge in fully 50 per cent of the specimens to the rich 
orange found in one or two examples as mentioned above. It thus 
would seem that m certain specimais this substance gives the lobes 
their peculiar color, but that whether colored or not the same granules 
exist in all specimais. The electric lobes of the large American 
torpedo, Tetronarce occidentaUSf are but Uttle di£ferent from the rest 
of ^e brain in color and it will probably be found that in this form the 
refractive granules are present but colorless. In Narcine braziliensiSy 
the little torpedo of South America and the West Indies, the electric 
lobes are a very deep and brilliant orange in color, caused undoubtedly 
by the coloration of these same granular structures in all specimens. 

In size these granules were variable and usually less than a micro- 
millimeter in diameter. Some might have attained to this size. 
Garten speaks of them as round, but in the fresh cells many of them 
seemed irregular in shape and decidedly angular and elongate. In 
fixed and stained sections (plate 1, fig. 1) they appear round. 

The fixation and staining of these granules seems difficult, and best 
results were attained by a quick, hard fixation with pure sublimate or 
Bouin's fluid and a rapid embedding. Figure 1 of plate 1 shows a case 
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where Bouin's fixative containing 5 per cent potassium bichromate 
followed by a hard stain in iron hematoxylin has brought them out 
black. In every case where the decolorization was carried far enough 
to show the chromatin nucleoli the bodies in question were decolorized 
and could not be made out by the best lenses and refraction conditions. 
The alcohols took out any brown or yellow color that they possessed. 
I shall follow Held and Garten in calling them neurosomes. 

These neurosomes were found scattered all through the cell-body 
(cytoplasm) and appeared to lie in much more intimate relation to the 
fibrillar substance than the Nissl bodies did. Thus they appeared to 
lie in spaces between the Nissl bodies. While scattered sparingly 
through the whole c}rtoplasm, they were gathered in large masses at 
the pole of the cell from which the axis-cylinder took its origin. Here 
tfaiey formed a thick ring around the axis-cylinder process and are to 
be seen in figures 10 to 18, plate 3, where 9 cells from two torpedoes are 
shown after bits of the electric lobes had been macerated and teased 
out on the sUde. In this case the neurosomes weiie a rich golden brown. 

In figure 3, plate 2, a cell is shown as it appeared in the living state 
under closed substage diaphragm, thus showing the parts of the cyto- 
plasm by dijffraction. The neurosomes can be very easily seen under 
this condition apart from any color that they may or may not possess. 
The neurosomes are also shown by the strongest osmic-acid fixations, 
but are not a fat of the ordinary kind (see Dogiel, 12 b). They are found 
in other nerve-cells and can be best seen in hving tissue, pressed between 
the thin cover and a slide and examined with the highest powers and 
with the small diaphragm. 

These ^^ neurosomes" are the bodies that have often been described 
by all writers on the structiures of the nerve-cell as '' pigment granules,'' 
or collectively as the "pigment body." They have, perhaps, been 
best studied in the spinal ganglion nerve-cells of vertebrates, especially 
the mammals. Dogiel, in a review of the structiLres of these cells, 
in a book of comparatively recent date (12 b), describes them and cites 
a valuable list of writers on the subject who have discussed the struc- 
tiu^ from a physiological and chemical side. This summary, while 
not giving the substance a definite name, or associating it with any 
known function of the cell, does show the structiLres to be one and the 
same with the structures described above by the present writer and, 
further, clearly shows them to be a constant and specific organ of 
practically all nerve-cells rather than the products of senile or patho- 
logical nerve-cells. That they are closely associated with the func- 
tional polarity of the cell, as a nerve-cell, is clear from thdr concentra- 
tion near the origin of the efferent process, but that they are not in any 
way concerned with the polarity of the nucleus under discussion is 
equally clear, and they will not be further discussed in this connection. 

A sUghtly different and thin layer of homogeneous cytoplasm, the 
perinuclear cytoplasm, is found aroimd the nucleus. It is marked 
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ofF from the main body by a layer of fine granular material that appears 

in figure 3, plate 2. This layer becomes visible only in a few favorable 

fixations and stains. 

The black-staining, thread-like bodies described by Solger (33) and 

the centrosomes, as well as the intercellular canals described by other 

authors in this torpedo, were not seen in the thirty or more fish whose 

brains were very carefully examined under all khids of preparation, 

as well as in the fresh condition. Nor have the cells been studied yet 

for mitochondria. 

NUCLEUS. 

The nucleus of the electric motor nerve-cell of this fish is about 35 
microns in diameter on the average, and attains nearly its maTimum 
sice while the fish is still small. Thus it increases but little in aise 
from the 10 cm. sixe of fish to the 42 cm. sixe. It is placed at the 
approximate center of the cell and is but rarely far from this center, 
although in a very few exceptional cases it may appear at one side or 




Fio. 3. — Diacnm of nudear content in electric motor nerve-ceO of Torpedo and Tetron ar o e, 

in one end. In some very few cases two nuclei appear to occupy an 
extra-large cell. This appears to me to be rather a case of the cyto- 
plasmic union of two cells in early life. The nucleus is inclosed in a 
smooth, even membrane of appreciable thickness and considerable 
staining power in the basic as well as in other dyes. This membrane, 
as the experimental work will show, is of equal thickness and apparently 
of equal chemical composition at all points and offers little of int^'est 
with regard to oiur question of polarity. 

The contents of this membrane form a more highly differentiated 
mass than the contents of most other nerve-cdl nuclei. This 



222 Papers from the Depariment of Marine Biology. 

tiation of the nuclear mass into at least six or perhaps seven distinguish- 
able nuclear organs^ as well as the large size of the nucleus, makes it an 
exceptionally favorable subject for study. While some of these struc- 
tures are eai^y recognized as the same organs found in other nerve-cells, 
others can not as yet be so homologized and consequently thdr names 
may have to be changed when their real function becomes known by 
further study. The accompanying pen outline (text-figure 3) will serve 
to indicate the structures, with the names more or less temporarily 
applied to them. A more accurate drawing of the nucleus of this cell 
appears in figure 2, plate 1, as well as in figures 4 to 9, plate 2. 

The contents of this nuclear membrane are at least six in number and 
will be considered in the normal cell in the following order: (1) nuclear 
fluid; (2) nv>clear achromatin or. linin; (3) plasmoaame or chief nucle- 
olus; (4) chromatin bodies or karyosomes; (5) a more or less frequent 
and imknown body of nucleolar appearance which I shall call tempo- 
rarily the teUmudeolus; (6) the chromatin or perichromatin of Magini, 
a body which appears to be very closely connected with the chromatin 
nucleoU and contains a larger niunber of smaller bodies; (7) the perir- 
chromosomes^ which are scattered through it in a regular order. The 
paranucleolus found in the nucleus of this cell in Tetronarce will not 
be described here, as it is not present in Torpedo. 

The nuclear fluid can be dismissed with but short discussion. It is 
a questionable factor as an independent unit in the nuclear structure 
of this cell, and such of it as is not combined with the other elements of 
the nucleus must be looked upon as a non-vital element. This nucleus 
was put imder the cell-dissecting arrangement of Barber and torn to 
bits with the glass needles. Under this treatment it was found that 
the nuclear membrane could be punctured or torn or even removed 
altogether and that the mass of the nucleus remaining was of jelly-like 
rather than of fluid consistency. This seems to show the absence of 
any large quantity of free liquid material during life. On the other 
hand, some of the best Flemming fixations, when the largest amount of 
nuclear material was fixed and retained, still showed some fine empty 
spaces, while in all other fixations much larger empty spaces are present 
in the nuclei, and these spaces must represent either shrinkage or 
fluids which have dissolved out. The evidence seems to show that 
both are true; that some little free and uncombined fluid is present in 
the nucleus and that this occupies very small spaces that are more or 
less enlarged by shrinkage of the remaining structures in the process 
of fixation. 

The viscous, weak-staining, nanrchromatic substance or linin of the 
nucleus will next be considered. This is probably a nucleo-albumen 
and is of a jelly-like consistency in the live cell. As may be seen in 
figure 3, plate 2, it is scarcely visible during life, although dark-stage 
oblique illiunination would probably show it more plainly. In the 
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living cell it can in no way be considered as the network or thread-like 
structure that we find supporting the nucleolar bodies after fixation. 
I think this is easily proved by the following facts: In torpedoes Nos. 
20 and 4 the peripheral cells in control specimens show a centrally 
placed or ventrally oriented plasmosome and the accessory nucleoli 
distributed throughout the cell. It is evident, upon inspection of the 
drawing and preparations, that in that condition, and given the pres- 
ence of such a fine-meshed network, the plasmosome and accessory 
nucleoli could not be moved without breaking all the meshes and 
threads through which they had to pass. And yet in figure 23, plate 5, 
from gravity experiment on torpedo No. 4, all these bodies are shown 
down on one part of the nuclear membrane, while the entire remainder 
of the nucleus is occupied by the well-fixed, fine-meshed alveolar 
reticulum. It must be true that the reticulation of the achromatic 
material is a result of fixation and that, while living, the nucleolar 
bodies can move or be moved through it without injuring its structure. 
On the other hand, too, in cells subjected to a stronger current of elec- 
tricity (over 0.25 ampere) the various substances that are moved to the 
anode leave a thread-like reticulum that may be fairly considered to 
be a part, probably in some slightly changed condition, of the original 
structure of the nucleus. 

Of course it would be possible to have a reticulum, or better an alveo- 
lum, through which the plasmosome might move as a wet marble could 
move through soapsuds or foam. But in this case the alveolar struc- 
ture would undoubtedly show in life, which is not the case in this nerve- 
cell. Such a condition has been suggested by Murlin (27). 

Further, it would be hard to determine how far and to what degree 
this material enters mechanically into the other structures of the 
nucleus. There is reason to believe that it is denser and firmer where 
it holds together the cloud of perichromatin aroimd the chromatin 
particles, for imder several circmnstances this gathering of material 
moves as a imit and independently of the other similar clouds and other 
structures of the nucleus. Here it appears to have a radial arrangement. 

The dijfferences in the reticulum as found in dijfferent parts of the 
same preparation are in themselves of great interest. In figures 22 
and 23, plate 5, are drawn two cells, one from a Bouin fixation and the 
other from a Flemming fixation, showing how the appearance of this 
achromatic substance diflfers according to the distance the fixative has 
had to penetrate in order to reach it. This dijfference also comes out 
in figures from different preparations, and where one has studied many 
preparations he can at once say about how far from the surface the 
fixative had to penetrate to get to each cell. 

A proper fixation of the nucleus of these nerve-cells is a fairly di£Bcult 
matter and many papers on the subject (otherwise excellent) show 
figures that indicate much deficiency in this respect. And this is aside 
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from those cases where the whole nuclear content has been piled up in a 
broken mass. Some of the best workers on the structures ot the cyto- 
plasm have left us figures that give no true conception of the structures 
of the nucleus. Much careful work remains to be done upon it before 
we possess an adequate picture of its organization. 

The plasmosome is one of the most prominent contents of the nucleus. 
It is large, being usually about 7 microns in diameter when single, and 
is an aknost perfect sphere. Its most prominent physical property is 
a dense refractiveness which makes it easily visible in the living cell 
even under a wide opening of the condenser diaphragm. As the dia- 
phragm opens, the outline of the plasmosome lasts a trifle longer than 
that of the nuclear membrane, and when one considers the greater 
radius of the nuclear membrane this means that the plasmosome is 
the most refractive body in the cell, excepting perhaps the karyosomes. 
No accurate measures have been taken to measure the actual refrangi- 
bility of the various organs of this cell by accurate physical means, 
but it is hoped that this will be done at another time. 

In perhaps a majority of cases the plasmosome is a single body, but 
this factor varies in the dijfferent individual fishes examined. I think 
it may be safely stated that in the oldest and largest specimens the 
plasmosome is most apt to be single, while in younger specimens it is 
most apt to be a multiple body. Also a distinct tendency to vary in 
the distribution of the plasmosome was observed in individuals of the 
same size and sex. When multiple, it is most usually found as a single 
large body with one or more smaller masses in some other (usually 
distant) part of the nucleus. Or in some cases it may be found as two 
fairly large spheres of approximately equal bulk. In one Torpedo 
oceUata of 15 cm. each nucleus appeared to contain its plasmosome as 
four or more bodies of equal size, any one of which was much smaller 
than the usual size of 7 microns. In all cases of multiple plasmosome 
it appeared that the total volume of the various bodies was greater than 
that estimated in the nuclei where a single body appeared. It may be 
said here that in the large American Tetronarce occidentalis a single 
plasmosome is almost the invariable rule. 

The plasmosome is by no means a homogeneous body. In the large 
and typical forms at least three substances may be distinctly seen in it. 
One is a granular, non-refractive, and non-staining content of the 
various "vacuoles" found in this structure. The principal vacucde 
occupies a large part of the exact center or, in numerous cases, a more or 
less eccentric position in the body of the plasmosome. The usual 
diameter of this vacuole is a little more than half of that of the whole 
plasmosome, or 4 microns. It is always roimd and "bubble-like" and 
in some very few cases is so close to the periphery of the plasmosome 
that it has broken through and is open to the other contents of the 
nucleus. The edges of the plasmosome thus broken are rounded up as 
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though by surface tension, a condition that probably exists between 
the vacuole and its surrounding shell of the denser plasmosome material. 

This remaining or peripheral portion of the plasmosome is, as has 
been indicated, the dense and refrangent portion of the structure. It 
usually contains in its substance a large number of much smaller '' vacu- 
oles'' of about 1 micron in diameter. These are, to all appearance, 
exactly like the one larger vacuole, except in size, and in one other 
respect to be mentioned in the next paragraph. 

This thick, refrangent shell of the plasmosome is apparently made of 
two very similar layers that slightly dijffer from each other in staining 
capacity in the various stains used. The inner layer is darker-staining 
and also thinner. It surrounds the large chief vacuole, but does not 
extend around from the outer layer; is not sharp, but distinct, and no 
surface tension appears to exist between the two substances. 

In the smaller plasmosome the vacuoles are not so completely devel- 
oped and they are all of one size in the smaller bodies, or in the smallest 
may ev^i be absent or a single vacuole may exist. 

The staining power of this outer part of the plasmosome appears to 
be aiunction of its physical rather than its chemical properties. Thus 
in the regressive stains, as iron hematoxylin, it first appears very black, 
but when the decolorization is carried past a moderate point the color 
suddenly comes out, leaving only a light-gray shade, while other 
chromatic bodies of much smaller size have retained the black color. 
The stain does not always come out evenly, but often in patches. If 
the sections are thick the decolorization of the plasmosome may be long 
deferred, owing to the slowness of diffusion through its thick and dense 
body rather than to its chemical relation to the stain. 

In connection with the plasmosome another substance exists which 
is not so easily seen in many preparations, but which came out clearly 
and undoubtedly in material from Torpedo oceUata that had been fixed 
in pure sublimate and stained with safranin. This is the thin layer of 
chromatic material first discovered in other cells and published by M. 
Haidenhain in 1892. It forms a very thin and somewhat roughened 
covering of the entire exterior of the plasmosome and can very easily 
be overlooked in many specimens because it is either obscured by the 
total staining of the plasmosome, or if the plasmosome is decolorized 
enough to be clear, this chromatic shell is also decolorized. If looked 
for with care and in such a preparation as the above it comes out with 
entire clearness. 

The mcnphological position of the plasmosome is the principal object 
of study in this work and will be considered after this general descrip- 
tion of the nucleus and before and together with the experimental work. 

The peculiar body which I have only recently found in the nucleus 
of Torpedo oceUata, and which I shall call temporarily the telonucleolus, 
is next to be described. This structure is only to be found in a com- 
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paratively small proportion of the nerve-cells in a given electric lobe, 
and this proportion appeared to vary in a number of counts that were 
made from as much as 35 per cent to as low as practically nothing. 
It seems that the smaller fish had the larger proportion and also that 
the presence of this body was in some way related to the fish that had 
the plasmosome distributed in several bodies, scmie of which were small. 

This telonucleolus appears as a hollow sphere, often larger than the 
largest plasmosome and seldom smaller. Its wall is composed of a 
clear, sharply defined membrane that is less stainable than any other 
material in the nucleus, even refusing to become colored with such 
counterstains as eosin and erythrosin, or para-carmine and hemalum. 
It is also ref rangent, and this property makes it easy to see at once when 
it is present in a cell. I have not measured its refrangency as compared 
with other structures in the cell. 

The thickness of its wall is inconsiderable, but could be accurately 
measured. This wall was continuous and appeared to be more or less 
impermeable to most Uquids, because the only caaes in which the sphere 
appeared to collapse were when it was cut by the knife in sectioning. 
It appeared to collapse and crumple quite completely, showing that its 
walls were either very thin or that they had very little rigidity. 

The content of this telonucleolus appeared to be a fluid, and a very 
slight and nonnstainable reticulum of ^^linin." Besides these, in prac- 
tically all cases it also contained a very small plasmosome which was 
in no way different from the other plasmosome bodies in the nucleus. 
This contained plasmosome was usually so small, however, that it had 
only one or two of the plasmosome vacuoles and the inner, darker- 
staining layer of the refractive shell did not appear to be developed. 
As the same is true, however, for plasmosomes of this small size that 
are found outside of the telonucleolus, it is safe to say that all the plas- 
mosome bodies in the nucleus possess the same kind of stnictiures, 
whether within or without the telonucleolus. 

The position of the telonucleolus is peculiar and has some imknown 
significance. It is always found close to or touching one of the plasmo- 
somes, large or small; further, the little plasmosome inside of it is also 
oriented in the telonucleolus against the side which touches the external 
plasmosome. This is well shown in figures 4, 6, 7, and 9 of plate 2. 

I am inclined to believe that this telonucleolus plays some part in 
the development of the plasmosome content of the nucleus along with 
the multiple plasmosome found in the smaller torpedoes, but am not 
prepared to say what part, until I have completed some histogenetic 
work now partly done. The telonucleoli are not found in all of the 
cells and are sometimes hard to find. 

Another content of the nucleus consists of a number of small spherical 
bodies which, on account of their high refrangency, sharp spherical 
outline, as well as their strong chemical afiSnity for basic dyes, I shall 
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call the karyosames or diromatin nucleoli. These bodiee have been 
mentioned by Garten (17 b) and others, and have been more carefully 
and particularly described by Magini in connection with a new sub- 
stance which he calls perickromaJtin^ in a paper published by him at 
Montepulciano in 1901 (24 d). My results do not in any way conflict 
with the morphological facts brought out in this excellent paper, but 
I believe that in Magini's work and in mine the chemistry of several 
of the bodies described is not sufficiently understood to designate any 
one of the three of them as the same substance as the chromatin which 
goes into the chromosomes of embryonic tissue ceUs that are dividing 
by mitosis. This chromatin is surely to be found among these bodies 
and my separation of them will be a little more close than his was, but 
histogenetic, experimental physiologic, and chemical work will be nec- 
essary for a sufficient understanding of the subject. Only in failing to 
distingin'ah chemically (by color) between his ^'filimento nucleinico a 
gomitolo'' or ^'rete cromatica^' or ''granuli cromatici'' and his masses 
of perichromatin, do I find myself differing, and I still hope to find 
some true or basichromatin disposed in this way with other staining 
methods. 

These chromatin nucleoli are rather larger and more abundant than 
Magini states in his paper. The largest one measured in my preparar 
tions was fully 2\ microns in diameter and many could be found that 
measured \\ to H microns. Many also are foimd below 1 micron in 
sice, although these very small ones do not seem to grade down to an 
excessively small granule. 

In the fresh state the chromatin nucleoli are visible and appear to 
possess a fairly high index of refraction, although not quite so high as 
that of the plasmosome. They are colorless and motionless and appear 
to be quite equally distributed through the nucleus. The larger ones 
are farther apart than the smaller. Some are placed directly against 
the nuclear wall and others at various points in the nuclear space. 
One of them is sometimes found against the side of the plasmosome. 

In a considerable niunber of cases these bodies are grouped together; 
that is, instead of one being found at a single central point, two or more 
will appear, closely placed and apparently acting as a unit in the 
arrangement that has been mentioned. When so grouped, the super- 
numerary granules are usually very small, although sometimes two 
large ones will be found acting together. 

These spherules or chromatin nucleoli are homogeneous and are 
about the most easily stained bodies in the nucleus. Their staining 
powers differentiate them at once from any other nuclear content. 
Particularly good to show the chemical difference in staining are some 
of the bulk stains, as a double staining with paracarmine and hemalum 
or borax-carmine and hemalum. In either of these two, with strong 
decolorisation, the chromatin nucleoli take a deep, bright, tranq[>arent 
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red or scarlet, while all plasmosomes will appear of a very light and 
delicate pink. This is in spite of the larger size of the plasmosome, 
which if it had an equal chemical aflSnity for the dye would stain much 
darker on account of its much greater diameter or thickness. The same 
is true of sections stained with safranin. 

In the fresh specimen the structures that support these chromatin 
nuclei are almost invisible. With strong oblique lighting a sligtit 
suggestion of a supporting framework or reticulum of linin can be seen. 
In the fixed specimens, however, such a supporting reticulum appears 
and with most fixations it can be seen that the chromatin nucleoli are 
embedded in the larger masses of linin that lie at the centers of this 
reticulum. Further, it may be seen that the linin substance is arranged 
in a radiating fashion about the chromatin nucleolus in a way to form a 
sphere which is about the size of, or a little smaller than, the plasmosome 
and Tdiich has a fairly clear boundary or limit. This sphere, when it 
contains the ''perichromatin'' of Magini, together with the central 
granules which have been described as the karyosomee or chromatin 
nucleoli y represents the '' spherule'' of Magini, which he has so accu- 
rately described in his paper as the new substance of the electric motor 
nerve-cell. I have myself also observed and described in a histological 
text-book (Dahlgren and Eepner) (11) similar or probably identical 
structures in the large nerve-cells f oimd in the motor ganglia of C^ha- 
lopoda. 

I have been unable to prove any chemical or physical dijfference 
between the achromatic substance of these spheres and the remainder 
of the linin reticulum. The only dijff erences observable are mechanical — 
the larger size of the sphere and its fairly r^ular radial arrangement. 
Its principal and only chemical (?) mark of distinction from the re- 
maining linin is the fact that in some fixations it holds the substance 
called by Magini the "perichromatin,'* which he shows to have impor- 
tant staining qualities that differ from the other colorable materials in 
the cell. Its strong inclination to dissolve in certain media make it 
somewhat hard to show. Magini showed it best, according to his 
decriptions (imfortunately he had no figures), by fixation in osmic acid 
and staining in safranin. In my preparations it is best seen in iron 
hematoxylin stains after sublimate and formalin-alcohol fixations. 
Some of the best fixations, as Flemming and Bouin, show it entirely dis- 
solved, or at least not visible in any manner whatever; other stains 
show it weakly visible, while some show it as a dense cloud gathered in 
a sphere^ about the karyosomes and staining a decidedly different tint 
from them. 

Scattered in a spherical cloud in the mass of perichromatin are a 
number of small granules, much smaller than the central karyosome 
and also not strictly spherical in shape, as it is. These granules I shall 
denote as the perichromosomea. They may be angular in shape and 
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the largest of them are far smaller than the smallest karyosomes. Like 
the karyosomes they take basic dyes and in the best sublimate fixations 
they also stain black with iron hematoxylin. These perichromosomes 
were not dijfferentiated by Magini from the general mass of perichro- 
matin of the spherule. 

The paichromosomes are much smaller and more numerous than 
any of the karyosomes; it may be said that they form a group of gran- 
ules grading down from the less numerous larger ones to finer and 
more numerous, imtil the successive sLses become so small that they 
can no longer be seen. Hence, it is possible that the visible perichromo- 
somes are not di£ferent in substance from the mass of perichromatin 
in which they lie. They appear in most cases to stain in much the 
same way as the cloud of finer perichromatin in general, and this 
perichromatin usually stains differently from the karyosome in its 
midst. The larger perichromosomes are faintly visible in the fresh 
state. They seem quite a different substance than the karyosomes. 

Taken as a mass, each karyosome, together with its spherical sur- 
roimding framework of linin in which are dissolved or borne as fine 
granules the perichromatin and paichromosomes, forms a unit which 
is, as has been said, of about the sise of a full-sized single plasmosome. 
It will be convenient and perhaps permissible to call these complete 
units the '' chromatin bodies." It is possible that they are the same as 
the chromosomes of dividing cells. 

It may thus be seen that in the adult electric motor nerve-cells of the 
torpedoes in general there are at least six apparently separate materials 
which are not dissolved by the usual fixatives by subsequent handling 
with reagents, and which can be recognized and compared by their 
size, shape and staining capacity as well as, in some cases, by their 
specific gravity and their refractive index. 

I regsu*d these substances as organic compounds that take part in 
the life and activity of the nucleus and therefore of the cell, but some 
of which, at the time the cell is fixed in a more or less solid state, are 
possibly in a state of storage or temporary disuse. The reason for 
thdr solid form is a question of segregation of the particular material 
involved. This does not imply that the material in question is not 
active, for it probably is, but it does seem that it is necessary, for 
physiological-chemical purposes, that it be more or less concentrated 
at some particular point. Nor is its soUdity an absolute one, but 
consists of varying degrees of gelatinization or even of strong solution, 
which are usually much intensified by the fixation, etc. Many other 
constituent substances of the nucleus must be in the form of solutions 
that are not precipitated by our fixatives and are consequently not 
ordinarily studied. Some of the latter substances are sometimes pre- 
cipitated and preserved for study, and sometimes they remain in solu- 
ble form or are even converted from solid and gel forms to a solution 
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by some fixatives. Thus many substances that are fixed and retamed 
by osmic add, formaldehyde, alcohol, and chromic acid are either 
dissolved or lost as an unchanged solution when the cell is fixed in pure 
sublimate, picric acid, or in Perenjd's fluid. 

Thus when we find an important element, the ''paranucleolus," 
present in Tebronarce that is not to be distinguished so far in Torpedo, 
and when we find another element the'' telonucleolus" in Torpedo which 
has not been seen in Tebronarce^ I believe that both of these elements 
must be present as a fimctional material in some form in both (A 
these fishes. The cells are genetically closely related, they are used 
for the same identical purpose, and are both adult and in normal con- 
dition, and the apparently missing element in each case must be present 
in some form, possibly as a solution. For this reason the names appUed 
in the present paper do not seem entirely satisfactory to the writer, in 
that they do not express the actual functions and chemical constitu- 
tions of the cell organs of the nucleus. Nor do all of these names 
permit of satisfactory comparisons being drawn between the nucleoli 
to which they are applied and to other nucleoli in other cells. It is 
certain that in this large nerve-cell we have a very high d^ree of 
differentiation of the nuclear organs and, apparently, an opportunity 
to make more exact studies of their identity and fimction than in any 
other cell, imless perhaps the egg-cell. And even in this respect the 
highly differentiated somatic cell such as that under consideration must 
be carefully studied and its elements traced back to the %g-cell before 
any general conclusions can be drawn about the meaning of the elements 
and their various activities in the nerve-cell. 

LITERATURE. 

The normal cell having been carefully studied, particularly as to its 
nucleus, the literature on the orientation of the nucleolus in Torpedo 
and experiments made on cells of Torpedo marmorata said Torpedo 
oceUata was next looked up to find any observations and experiments 
as to the question of a polarity of its nuclear contents. Such work had 
been done, mostly by Italian observers, and in particular by Professor 
Magini of Rome, who first observed a partial polarity of the entire 
nerve-cell in this fish (24) . He examined many specimens of torpedoes 
at Naples and found that when the animal was killed by a violent 
death, as cutting by knife (vivisezione), the plasmosome was alwajrs 
f oimd Ijdng against that side of the nuclear wall which was nearest the 
axone. He believed at the time that the axone always left the cells 
in a ventral direction, and that this was therefore always an orientation 
in the direction of the axone when it was a ventral orientation. 

He found further that the entire nucleus was moved slightly in this 
same direction through the c}rtoplasm of the cell and that in conse- 
quence a crescentic space was left on the side of the nucleus opposite to 
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that to which the plasmoBome moved. He interpreted this as a symp- 
tom of the electro-motor activity of the cell. Ag^, it should be noticed 
here that he figured all bis ceUs as giving off their neuraxes in a ventral 
direction and all the plasmosomes therefore as moving toward or 
orientated toward the neuraxes. This we now know not to be a fact. 
Figure 4 represents Magini's conception of this orientation. 

In adult examples which were allowed to die slowly out of water by 
asphyxiation, and which consequently did not give many or violent 
shocks from their electric organ, Magini foimd, on the other hand, that 
the plasmosome was usually central in position, and when eccentric its 
eccentricity was sl^t and in various directions. Neither did the 
crescent-shaped space appear on the dorsal side of the nucleus. 

He also found that in very young 
specimens (7 cm.), whose electric 
oi^ans were not yet well developed, 
the plasmosomes in the electric motor 
cells were always central. 

He deduced from these tiiree obser- 
vationfi that the movement of the 
plasmosome ("nucleolo") from a cen- 
tral position in a state of rest to this 
eccentric position just after extensive 
and continuous activity was an ac- 
companiment of the normal and ex- 
tensive physiological activity of the 
cell at time of the discharge, and he 
further concludes that this movement 
of the plasmosome is the initial phe- 
nomenon which precedes and causes 
the nerve action of this cell. (Magini, 
p. 3.) 

Coggf (8) took issue with these con- 

cluaonfl, being of the opinion tiiat _ 

Magini's results were artificial and h described b 

had been due to the osmotic action «duit^ter<ie.u.byviyi««aoi.. 

of some of his fixatives in the cases when the plasmosomes were f oimd 
oriented in the ventral position, and especially in those cases where the 
entire nucleus had moved ventrally. The writer, being interested in 
the American form, Tetronarce occidentaliB, in which an undoubted 
orientation of the plasmosome always exists, carefully studied 24 
torpedoes at Naples in the winter of 1912-13 and investigated the 
following points: (1) Is there an orientation of the plasmosome? 
(2) Grant^ this orientation, is it due to the temporary physiological 
activities that initiate those processes in the cell which result in the 
nervous and the electric discharge? (3) Is it, instead of such a physio- 
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logical phase, a permanent condition for a considerable period (A the 
animal's life (adult life or later adult life)? (4) In ease the third 
proposition is true, is this orientation of physiological value to the 
working of the cell (induction of electro-motor impulse) or is it of no 
significance to this activity? (5) In case it is not a condition that l^ids 
itself to the physiological activity of the cdl, is the orientation due to 
the physical properties of the nuclear organs with reference to the 
dectric current that passes through these cells at the time of discharge 
of the electric organs? (6) In the same case as just precedes, is it due 
solely to differences in the specific gravity of the various nuclear organs 
and particularly to the greater weight of the plasmosome? 

The question of the orientation of the entire nucleus in the cdl as 
described by Magini, i. e., its apparent movement in a ventral position 
with the accompanying meniEicoid space on its dorsal surface will be 
considered with the question of the polarization of the nuclear organs. 

ACCOUNT OF THE EXPERIMENTS. 

Torpedo ocettaia, No. 1, 15 cm. long (small), killed with knife; gave many 
shocks before and during operation; plasmosome placed in various positions 
in nudeus, often touching some part of nuclear membrane. About 80 per cent 
show a tendency to be ventral in position. A few ceils contain multiple 
plasmosomes. A larger number oi telonucleoli than in most examples. 
Perhaps 10 per cent of the cells show it. 

TovTHsdo oceUata, No. £, 16 cm. long (small), killed with chloroform vapor. 
Plasmosomes single and sometimes double ; one often lighter than the other in a 
varying degree. About 65 per cent decidedly ventral in position and resting 
against the nuclear membrane : Few telonucleoli. Some multiple plasmosome. 

Torpedo oceUata, No. S, 30 cm. long (large), pithed with knife, many shocks. 
One side of the electric lobe was subjected to a direct current of 110 volts in 
the usual glass tube with a diameter of 4 mm. and a length of the tissue mass 
of 1 cm. Direction of current was from anterior to posterior. Sublimate 
fixation. Current was weakened by some resistance. 

The other side of the electric lobe was subjected to 543 times gravity in the 
centrifuge for 1 minute, then fixed in Bouin's fluid. Plasmosome was thrown 
from a normal position to the + side of the nucleus and against the nuclear 
wall. Force exerted in an anterior-posterior direction. A considerable amount 
of natural ventral orientation was indicated by the new position of the plasmo- 
somes. Plasmosomes single in cells. No telonucleoli observed. 

Torpedo marmoraia, No. 4> 30 cm. long (large), killed with knife; many 
shocks before operation. Plasmosomes show very well-developed ventraJ 
orientation, about 70 per cent. Many cells seen where neurite goes ofiF from 
either side or from dorsisd side, while pla^osome is t3rpically oriented on ventral 
side of nucleus and touching nuclear membrane. No telonucleoli observed. 
Plasmosomes single. A number of nerve processes traced from various posi- 
tions of origin in different cells. 

One bit of tissue was centrifuged for 30 minutes at 828.5 times gravity. 
Force was exerted from head toward tail or at right angles to any possible 
axis of orientation. 

Another was subjected to 110 volts of direct electric current in usual tube 
of 4 nun. diameter; 1 cm. of tissue for 4 minutes. Tissue was "cooked" 
and then fixed in Benin's fluid. 
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Torpedo marmoraia, No. 6j 35 cm. long (large), killed by cuttmg and the 
brain divided tranvensely through the electric lobes. The posterior portion 
was fixed at once in Flamming 's fluid, while the anterior part was subjected to 
direct current of 110 volts. The tissue was inclosed in a 4 nun. glass tube and 
was 1 cm. long. The current was applied for 30 seconds and the tissue became 
'^ cooked" or whitened, with a discharge of gas at the kathode. 

Torpedo ocdlata^ No. 6y 36 cm. long (large), lolled by cutting out the brain- 
case. Electric lobes placed in glass tube 1 cm. long and 4 mm. square; area 
of lumen and direct current of 4 volts was run through for 1 hour. Tissue not 
'^cooked." Was then fixed in Gilson's fluid. No control. Current passed 
through cells in anterior-posterior direction. 

Torpedo ocellata, No. 7, 12 cm. long (small), worried so as to produce shocks 
and then killed and the entire brain removed by cutting with knife. Brain 
was then placed entire in 4 mm. tube. Anterior end cut off imtil length of 
mass was 1 cm., submitted to a current of 4 volts for 40 minutes, when current 
was 0.25 milleampere. ^ Current was from posterior to anterior in direction. 
Plasmosomes scattered in a g^eral distribution which was decidedly median 
in character. No control having been taken, it is assumed that the current 
did not modify the position of the plasmosome in any way. 

Torpedo ocdlata, No. 8, 11 cm. long (small). This fish was inclosed in a wire 
cage so as to force it to lie on its back. It lived thus, s^parently comfortably, 
for 8 days, when it was removed and killed by the knife while upside down, and 
the brain (still upside down) was &xBd, embedded, etc., all in the inverted posi* 
tion. The electric motor nerve-cells showed no orientation whatever. The fish 
had given many strong shocks before being killed. 

Torpedo oceUaUif No. 9, 16 cm. long (small), killed with knife after being 
worried, and electric lobes placed in centrifuge for 2 minutes at 40.60 times 
gravity. Force was applied from anterior towards posterior direction, then 
fixed in a mixture of one-half Bouin's fluid and one-half potassium bichromate 
5 per cent. At this comparatively low centrifugal force the contents of the 
nucleus were not visibly cUsturbed. Notwithstanding the centrifuging it was 
still possible to count the percentage of ventrally placed plasmosomes. This 
amoimted to about 15 per cent. A stronger force appli^ by the centrifuge, in 
this case, would have thrown the plasmosomes in a posterior direction inside the 
nucleus, but it would have still been possible to determine the percentage of 
ventral orientation, since the plasmosome does not come to rest at a dead 
center, but inside of a considerable arc, its position in which indicates its 
former amoimt of orientation in a line at right angles to the centrifugal force 
applied. 

Torpedo marmoroia^ No. 10 y 27 cm. long (medium), killed with knife; few 
shocks. Fresh tissue was examined and wowed most of the plasmosomes in 
a median or nearly median position in the nucleus. A small portion of the 
posterior part of the dectric lobe was cut off and fixed as a control. The 
remainder was placed in the glass tube of 4 mm. diameter and with the tissue 
extending over 1 cm. in the tube. This was then placed on a circuit of 110 
volts with a lamp of 10 watts inserted as a loop which embraced a lamp of 16 
watts and the amperage registered 7 milleamperes. It was subjected to this 
current for half an hour and the tissue fixed in Bouin. The current passed in 
an anterior-posterior direction. 

Torpedo oceUcUa, No. 11, 42 cm. long (very large), killed with knife; numerous 
shocks. Living cells examined. Neurosomes particularly evident because of 
their dark golden-brown color. Plasmosomes found both in fresh cells and in 
sections to be oriented against the ventral side of nuclear membrane, at least 
95 per cent. 



234 Papers from the Department of Marine Biology. 

Torpedo ocellata, No. IS, 30 cm. long (large), killed with knife; strong shocks. 
Neurosomes light yellow. In the prepared sections only about 25 per cent of 
the plaonosomes were oriented ventndly. Plasmosomes of usual size and but 
few cases of multiple plasmosomes. 

Torpedo oceUala, No. IS, 35 cm. long (large), killed by cutting out brain; 
shocks. An evident cross between ocellata and marmorata, which often occurs. 
White spots with blue centers missing and the marbled markings of marmoraia. 
No experiments. In the prepared sections the plasmosomes were 95 per cent 
oriented against the ventral wall of the nucleus. The plasmosomes in most 
cases did not quite touch the membrane. A single normalndzed plasmosome 
was present in practically all cases. 

Torpedo oceUata, No. 1%, 30 cm. long (large), killed with knife; many shocks, 
no experiments. In the preparations the plasmosome was single and only 
about 30 per cent were oriented ventrally. A rather smaller size of plasmo- 
some appeared to be due to fixation or to the alcohols. 

Torpedo ocdlata, No. 15, 38 cm. long G£^i%6)i killed with knife; many shocks. 
Plasmosomes show a decided and almost perfect ventral orientation. Very 
few exceptions. One or two plasmosomes displaced by knife, very easily 
diagnosea. Plasmosomes touch or nearly touch nuclear membrane. Varia- 
tion of line of orientation from ventro-dorsal line amoimts to less than 15^. 
Plasmosome almost always single. 

Torpedo marmoraia. No. 16, 42 cm. long (large), killed with knife; few shocks. 
Plasmosomes show a perfect ventral orientation against wall of nucleus. 
Variation of line of orientation from dorso-ventral line seldom more than 10^, 
except on dorsal edge, where a few exceptions occur. The remote cells with 
neurites leaving on other than the ventral edge were carefully examined and 
it was seen that the plasmosome does not move to the side of the nucleus next 
to the neurite. 

Torpedo oceUata, No. 17, 32 cm. long (large). This fish was killed by placing 
in a large dish and inverting a box over this, so that the vapor from a sponge 
saturated with chloroform would pass into the water and thus into the fish's 
circulation. Later the box was removed and water that had been saturated 
with chloroform vapor was added until the fish was dead. When muscular 
action had stopped, and just before death, the fish began to give a succession 
of single shocks spaced in such a way as to lead one to think that each was 
synchronous with a single heart-beat. In the preparations 85 per cent of the 
plafonosomes were oriented ventrally. A single plasmosome was the rule. 

Torpedo ocdUUa, No. 18, 30 cm. long (medium), killed with the knife; 
worried before killing, so that many shocks were given off. Electric lobe fixed 
in Bouin's and Flemming's fluid. 90 per cent of the plasmosomes were foimd 
to be ventrally oriented. Plaonosome single. 

Torpedo ocdlala. No. id, 34 cm. long (large); allowed to die in an undisturbed 
condition in air; back uppermost, no shocks perceived. Died in about 10 
hours. Orientation of plasmosome not definite, but estimated at something 
over 10 per cent. 

Torpedo oceUata, No. 20, 37 cm. long Garge)i killed with knife; braiii centri- 
fuged in skull for 30 minutes, at 2,000 revolutions per minute, 14 cm. radius. 
Force applied from ventral toward dorsal surface. Fixed in Bouin, pure 
sublimate-acetic, and Flemming's fluid. 

Torpedo oceUata, No. 21, 35 cm. long (large), killed with knife; shocks. 
Brain in 96 per cent alcohol. All cells nearest the periphery, where the 
osmotic action was first and strongest, show a removal of the nuclear content 
toward a central point. As one examines the cells that occur successively 
inside or central of this, it may be noticed that the results of osmotic action 
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were less and less. In the central parts of the specimen no osmotic action is 
shown. The osmotic action produced by the alcohol has not moved the 
nuclear organs with reference to one another. In the specimen in question 
the plasmosome is clearly oriented with reference to the dorso-ventral line. 
No matter from which side the nuclear content has been compressed, the 
plasmosome is always clearly ventral in the compressed mass. 

Torpedo oceUaia, No. 22, 30 cm. long (large), killed with a knife and the 
entire brain fixed in Camoy's fluid; at^lute sJcohol, chloroform, and |^ial 
acetic acid, equal parts, the fluid being saturated with corrosive subhmate. 
This specimen showed about 85 per cent of its plasmosomes oriented ventrally, 
the remaining 15 per cent being scattered in median or somewhat dorsal 
positions. 

Torpedo oceUata, No. 2S, 30 cm. long G^^i^)* killed with knife and brain 
fixed in Camoy's fluid; chloroform, absolute alcohol, and acetic acid, no 
sublimate being added. A fair fixation with 90 per cent of the plasmosomes 
ventrally oriented. 

Torpedo oceUata, No. 24, 11 cm. long (small). This small fish was thrown 
whole into 60 per cent alcohol, containing 3.5 per cent of formol. It had 
given many shocks before being killed. No orientation in a ventral direction 
beyond a possible 5 per cent was foimd. 

Torpedo oceUata, No. 26 , 38 cm. long Qarge). This fish was left imdisturbed 
in a tank for 48 hours and then gently lift^ out on a tray, where it remained 
until dead. The brain was fix^ in Bouin's fluid. 99 per cent of the plas- 
mosomes were oriented shiu*ply in a ventral direction. Chromosome bodies 
were somewhat clumped, owing to the natural death of the fish, the karyosomes 
standing out plainly and staining sharply and differently from the peri- 
chromatin. 

Torpedo marmorata, No. 26, 16 cm. long (small). This fish was left undis- 
turbed 48 hours and allowed to die on tray without discharging electricity. 
About 5 per cent of ventral orientation of the plasmosome was found. 

Torpedo marmorata^ No. 27, 11 cm. long (small). This small fish was 
irritated until considerable electricity had been discharged and then the 
brain-case was cut out while alive, the animal giving off strong shocks. After 
cutting sections the electric motor nerve-cells showed barely 5 per cent of 
ventral orientation, which appears to refute Magini's theory. 

Torpedo oceUata, No. 28, 16 cm. long (small). This fish rested undisturbed 
for 48 hours and was iJlowed to die on tray. 10 per cent of ventral orientation. 

Torpedo oceUata, No. 29, 11 cm. long (small). Caused to discharge freely 
and then killed by cutting out brain, with consequent strong shocks. No 
perceptible orientation. 

Torpedo oceUata, No. SO, 40 cm. long (large). Kept for 48 hours at rest and 
then gently lifted from the water on a board and allowed to die without giving 
shocl^. Brain fixed in Bouin's fluid. Sections in celloidin and paraffin show 
over 95 per cent of ventral orientation. 
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TabU of experiment. 



No. of 

Bpoci- 

mens. 


Length 
(om.). 


Mode of death. 


Amount of 

orientation in 

control. 


Gravity 
experiment. 


Electric 
ezperimttit. 


1 


16 


Cutting; shooks be- 
fore. 


80 p. ct. ventral . 


None 


None. 






2 
3 


23 
30 


C^lnrofonn 


65 p. ct. ventral . 
75 p. ct. ventral . 


None 


None. 


V>U*wX\/*w* AAA •••••••• 

Cuttinff 


643 times gravity, 
2 minutes. 


Electric currentllO 
volts weakened. 


^^r %> V ^F***^^ • ••••••••■• 


4 


30 


Cutting; ahookfl be- 
fore. 


70 p. ct. ventral. 


828.5 times grav- 
ity caudad, 30 
minutes. 


110v<dt8, 4 mins. 


6 
6 

7 

• 


36 
30 


Chittinff 


Kfft f^^nf*''^^'! 




110 volts. 

4 volts, 1 hour. 


V^%AwvaAA^ ••••••••••• 

Otittinir 






12 


Cutting; many 
shocks. 


TJone 




4 volts, 1 hour. 


A ^ ^^mM%^ • ••••••••• 






8 


11 


Cutting; shocks be- 
fore. 


None 


Kept upside down 




XX 


A- ^ ^^mM^0 ■••••••••• 


8 diays, once 












gravity. 




9 


16 


Cutting; worried be- 
fore; many shocks. 


16 p. ct. ventral . 


40.6 tames gravity 


None. 


10 


27 


Cutting ; few shocks . 


6 p. ct. ventral . 


Some cells studied 


Weakened current 










alive under im- 
mttvion. 


of 110 volts. 


11 
12 


42 


Cutting 


96 D. ct. ventral . 


live cells studied. 




30 


Cutting very quick- 


25 p. ct. ventral. 










ly; strong shocks. 








13 


36 


Cutting; shocks 


95 p. ct. ventral. 






14 


30 


Cutting; many 
shocks. 


30 p. ct. ventral. 






15 


38 


Cutting; many 
shocks. 


95 p. ct. ventral. 






16 


42 


Cutting; few shocks . 


90 p. ct. ventral. 






17 


32 


Chloroform 


86 p. ct. ventral. 






18 


30 


Cutting; worried be- 
fore. 


90 p. ct. ventral. 






19 


34 


Died in air 


10 p. ct. ventral. 






20 


37 


KiUed with knife... 


10 p. ct. ventral. 


601 times gravity, 
upside down, 30 
minutes. 




21 


36 


Killed with knife; 
many shocks be- 
fore. 


96 p. ct. v«itral. 






22 


30 


Killed with knife... 


86 p. ct. ventral. 






23 


30 


Cutting ; few shocks . 


90 p. ct. ventral. 






24 


11 


Thrown in alcohol 
and f ormol ; many 
strong shocks. 


5 p. ct. ventral. 






26 


38 


Taken from rest and 
died on floor; no 
shocks. 


99 p. ct. ventral. 






26 


16 


Died on floor; no 
shocks. 


6 p. ct. ventral. 






27 


11 


Irritated, vivisected 
and brain cut out. 


6 p. ct. ventral. 






28 


16 


Rested 48 hours; 
died on floor; no 
discharge. 


10 p. ct. ventral. 






29 


11 


Irritated and brain 
cutout. 


None. 






30 


40 


Died at rest on floor. 


96 p. ct. ventral. 
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The table on page 236 gives a summary of the list of the toipedoes 
experimented upon, with their sizes Gength in centimeters), the mode 
of killing, and the amoimt of ventral orientation of the plasmosome in 
the nucleus, foimd in each case by coimting 200 cells and estimating 
the percentage as follows: the nucleus was roughly divided by the eye 
into an upper and a lower half in each of the 200 cells counted. The 
number of cdls with the plasmosome in the upper half (always smaller) 
was subtracted from the number with the plasmosome in the lower half 
and the percentage which this difference was of the entire 200 was 
assumed as the percentage of differentiation or ventral orientation in 
the specimens under consideration. This seemed to be a fairly accurate 
method for this purpose. 

A few remarks must first be made as to the amount of ^'shocking" 
or electrical discharge performed by the fish under each method of 
killing. Cutting (vivisezione) , as mentioned by Magini, was performed 
in 14 cases. This method was fairly quick, being hastened in order not 
to deliberately torture the fish to any great extent. It was considered 
by the writer that the usual stimulation, and teasing or wonying, which 
resulted in numerous strong shocks, produced as decided and charac- 
teristic physiological activity as that produced by torturing with the 
knife. However, even when killed by quick, deep slashes which cut 
the gills and the spinal cord and separated the upper brain from that 
part which bears the electric lobes, enough strong shocks were given 
to satisfy Magini's condition of ''vivisezione," and when the fish was 
sharply teased, frightened, and worried before this until the shocks 
b^an to weaken, it appears certain to the writer that any visible 
material effects on the nerve-ceUs, due to an inmiediately previous 
large discharge of electricity, must become apparent. 

As Magini has said, when a torpedo is allowed to rest in a tank and 
is then taken from the water very quickly and cautiously by slipping 
a dissecting board imder it and raising it out and on to a table and 
leaving it there for several hours imtil death has ensued, then the fish 
dies without giving practically any shocks. This was found to be true 
in nearly all cases. 

Poisoning the fish in any way was not a success, as with most poisons 
it gave electric discharges of considerable strength, but not enough to 
make one feel that the motor electric nerve-cells would show any 
effects. With chloroform the result was of particular interest because 
the fish remained quiescent imder this drug, carefully administered, 
until all muscular action of the tail and fins had ceased. Then, in what 
the writer takes to be the critical period, when death finally arrives, 
the fish gave about 90 to 100 single, fairly strong shocks, each of which 
was spaced from the one preceding it and that succeeding it in a way 
that led him to believe each one to be correlated with a single heart- 
beat. No galvanometer was available to correctly portray this process, 
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but it seemed from its ^'feel" that each shock was a angle wave, one 
such as is portrayed on the plates prepared by physiologists in series to 
represent the intermittent current of the ordinary shock given by the 
fish. 

We are now ready to take up and discuss the questions on pages 231 
and 232 and see what the experiments show. 

1. Is there an orientation of the plasmosome? A glance at the 
table, in the fourth column, will show that there is. Also that it is a 
more or less variable fact, in this torpedo reaching from some specimens 
in which no orientation appears up to specimens in which, as in our 
large American form, Tetronarce occiderUaUaj the percentage is about 
100. 

2. Is this orientation due to the inmiediate physiological activities 
which accompany nerve discharge? This certainly does not seem to 
be the case. Fish of all sizes were eicamined after being killed both 
by "vivisezione" and by being allowed to die without giving shocks, 
and the table shows that neither a condition of ventral orientation 
nor the reverse can be predicted by the method employed in killing 
or by the amount of activity shown by the fish's electric apparatus 
previously to the death of the specimen. In fact, strong negative and 
positive reasons exist which indicate the reverse of this, Magini's main 
contention. Twenty-five of the experiments were with fish that were 
killed by the knife. In many cases they were persuaded to give many 
shocks before being killed. In 2 cases all of the brain was used for 
other experiments, so that we have remaining 23 cases to consider and 
analyze. 

In these 23 cases, Nos. 1, 3, 4, 6-16, 18, 20-24, 27, 29, and 30, we have 
all degrees of orientation, from less than 5 per cent in such cases as Nos. 
9, 10, and 24 up through 10 per cent, 20 per cent, 70 per cent, and 
85 per cent to a nearly perfect ventral orientation, as in the American 
Tetronarce. This clearly makes it impossible to agree with Magini in 
this regard, for we can not see in the table any consistent agreement 
between the amoimt of immediately previous physiological activity 
of the electric organ and the amoimt of ventral orientation of the 
plasmosome. Nos. 9, 24, 27, and 29 show fish that were forced to use 
the electric organ to excess just previous to death, and yet both showed 
only 5 per cent of ventral orientation of the plasmosome. Also, Nos. 
7 and 8 were killed according to Magini's method, but they show no 
orientation. 

Looking at the other side of this factor, we find on the list several fish 
which died quietly without using their electric apparatus to any extent 
before death. Again we find that a quiet, inactive death has not 
resulted in all cases in a lack of ventral orientation. No. 2 was chloro- 
formed and shows 65 per cent; No. 19 died according to Magini's 
formula and happens to show only 10 per cent; but passing to Nos. 
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25 and 30, we find fish that were killed without electrical activity and 
show 99 and 95 per cent of ventral orientation respectively. Other 
experiments not recorded here have also shown that the fish which die 
quickly do not always show a general or central distribution of the 
plasmosomes. 

The third condition can now be discussed, namely, that this orienta- 
tion of the plasmosome is a permanent condition. To arrive at a con- 
clusion it must be shown that there are no temporary movements of 
the plasmosomes during the electrical activity of the fish. 

Fresh slices of the electric lobe were cut with a Valentine's knife in a 
vertical direction and after being covered and put under an immersion 
lens they were subjected to electrical and other stimuli that would 
have been suflScient to cause their discharge in a living fish. While 
thus being stimulated they were closely watched and it was noted 
that no movements of the plasmosomes occiured. 

The fact that the plasmosomes exhibit a widdy differing percentage 
of orientation in different individuals and that this percentage appears 
to be the same in all parts of the electric lobes of each individual might 
also seem to indicate that there were no temporary movements of the 
plasmosome. Thishas been further controlled by observing both fresh 
material as mentioned above and different fixations of the same speci- 
men, after further stimulationf oUowed by fixation and sectioning. Thus 
No. 10 was killed with the knife and fresh material was at once put 
under the microscope, where it was determined that the percentage 
of ventral orientation was 5 per cent. This was a very weak ventral 
orientation, so the remaining tissue, still capable of physiological action, 
was further stimulated both mechanically and electrically and then 
bits were fixed and sections cut. These preparations showed no 
futher orientation, so it was concluded that the excess stimulation had 
not moved them, and since this stimulation was applied to cells that 
were not ventrally oriented, and in which there was still room for 
orientation, this was considered to be strong proof that there is no 
ventral movement during the nerve activity which results in the 
electric discharge. 

Another strong point must be considered at this time. Magini 
erroneously assumed that the functional axis of these cells lay in all 
cases in a dorso-ventral direction, with the implantation cone and neu- 
raxis on the ventral side of the cdl (text-fig. 4) ; and he therefore states 
in some places that the plasmosome (nucleolo) moves ventrally, and 
in other places he states that it moves toward the origin of the neuraxis. 
The writer, as stated in the description of the cells above (page 216), has 
found that a certain number of cells in each dectric lobe, about 20 per 
cent of them, are so situated that the neuraxis leaves in a lateral or 
even in a dorsal direction (text-fig. 5) , and that in these cases the plas- 
mosome acts in accord with the majority of usual cases, i. e., those with 
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the axone leaving from the ventral surface. So that it may be stated 
that in cases of orientation the plasmosome is not oriented toward the 
axone or in the structural (physiol<^cal?) axis of the cell, but that it 
is always oriented in the doiBO-ventral axis of the cell. Of course, the 
dorso-ventral axis might be a physiological axis, but its independence 
of the structural axis as formed by a line drawn through the majority 
of the dendrites, the nucleus, and t^e axone, would still require an 
explanation of why it was dorso-ventral. It could only exist in this 
direction to accommodate the factors of gravity or the electric current, 
and we shall see that in Torpedo it does not do this. It thus seenos to 
the writer that the orientation, where found, ia a more or less pemut- 
nent condition, persdsting over a conadsrable period of the animal's life. 



Fio. S. — DUcnun of fonn of rieotiio lob«a u aeen in tmuvene Motioii, with Mvenl 
enlkrgMl outlinea of a few oath on right thkt diow how ths Deurita may arise 
bom any Mufao« o( Ihe mU and how the oiieiit*tion ol tha plaonoaome ia 
alwaya indepeodent of this factor. Nuclei alone ahown on left. 

The fifth hypothesis, that this more or less permanent orientation 
is of value to tjke physiolc^cal activities of the cell, is a difficult one to 
discuss. Since it appears to be much more profitable to consider it in 
a paper on the more highly differentiated electric nerve-cell of Tetro- 
narce oecidenlalia that is shortly to appear, it will be dismissed here with 
the remark that no strong evidence has been produced to show that 
such relation exists. Against it appear several facts: 

f^rst, the condition mentioned above, that the axis of orientation 
of the plasmosome does not correspond in all casee to the functional 
axis of the cell, would seem to indicate this. It might be assumed that 
any phyEdological action taking place in a d^nite direction would 
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take place in the functional axis of the nerve-cell. Among such activ- 
ities we would have to consider the movement of nuclear matter out 
of the nucleus into the cytoplasm to become or to help form the chromo- 
phyllic substance, the respiratory and nutritive processes connected 
with the discharge, and the performance of the discharge itself. 

Again, and a stronger point, we find that in many fish, of ail ages (or 
size), there is practically or actually no orientation at all. This would 
seem to settle the argument. It can not be a necessary condition of 
functional activity. 

We now find ourselves ready to consider two possible immediate 
causes of the orientation, both of which are simple physical factors 
and are conditions affecting the cells only during the individual life 
of the animal. One of these is the electric current in which the ceUs 
lie at the time of each discharge of the electric organ, and the other 
is the force of gravity which, owing to the flat shape of the fish and 
its sluggish habits, exerts its power on the cells and ail their parts 
in a definite direction during its entire life from birth on. We will 
consider the electric current first. It has already been explained 
about the fish's own current passing through the brain, but the writer 
may be pardoned for repeating this explanation with more detail at 
this point. 

Cavendish (7) was the first to examine the different parts of the body 
of the torpedo and of its surrounding media and to plot a series of lines 
representing the courses taken by the electric currents that it generates 
(see text-figure 1). 

Dubois-Reymond, working on the electric currents developed in con- 
nection with the shock given by Malopterurua (13), showed undoubtedly 
that the currents flow in part through the animal's body, and with 
a- strength that is comparable to the currents developed in the sur- 
rounding medium. 

BoU, in a very thorough research on the torpedoes (4), improved on 
Cavendish's work and showed the same electric-current lines that this 
author described in greater detail. The point to be noticed in his 
work in connection with this paper is that the current curves pass 
not only through the surrounding water, but a good part of them also 
pass through those parts of the fish's body that are not occupied by 
the electric organ. Owing to its position in the body, this is particu- 
larly true of the brain, including the electric motor ganglia, in which 
are the cells under discussion in this paper. (See text-figure 2.) 

This means that during every discharge of a torpedo, given while 
under water, a current is passing downward through the brain or in 
the opposite direction to its course as generated in the electric organ 
itself. The question is : does this current, operating at intervals during 
the life-time of the animal, exert any influence on the plasmosome that 
would account for its orientation in those cases where orientation occurs? 
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Two methods of desirable experimentation presented themselves. 
One was to in some way reverse the natural current in order that it 
might pass in a reversed direction through the cells for some long pe- 
riod. This was found impracticable in the time at my disposal. The 
electric organs could not be reversed by an operation, owing to their 
large size and vital connections; stiU less could the brain-parts be dis- 
placed or operated upon. It was attempted to disconnect the electric 
organ from the brain by an incision which might cut the electric nerves 
and then to substitute an artificial current through the brain of 
strength equal to the natural one for considerable periods, but the 
fish all died, not being able to survive the operation. It is hoped in 
the future to be able to do this with an improved technique. 

The second method was to excise portions of the electric lobes and 
to subject them while fresh and living to electrical currents of various 
kinds. This was done in 6 cases, Nos. 3, 4, 5, 6, 7, and 10. These 
results will now be considered. 

The first experiments consisted in passing direct currents, of a 
strength approximately equal to that of the fish's own current as found 
passing through the brain, through the cells in question in a direction 
at right angles to the natural current and also in a reverse direction. 
It was not easy to estimate the strength of this current in the fish at 
the point where it passed through the brain, but a rough estimate was 
made and some small batteries were arranged so as to give an approxi- 
mately equal current. This current was passed (torpedo No. 7) through 
a cylindrical bit of the electric tissue which was cut out of the electric 
lobes so as to be 4 mm. in diameter and 1 cm. long. This was placed 
in a glass tube and platinum electrodes were used to lead in the current. 
The tissue was cut so that its long axis was anterior-posterior or at 
right angles to the dorso-ventral line through which the natural current 
passes. 

This experimental current was allowed to pass through the tissue 
for half an hour. Then the tissue was fixed and cut, but the sections 
agreed exactly with the control, so that the current made no change in 
the structure. Other currents of varjring strength that approximated 
the natural current were used, some of them clearly as strong or stronger 
than the natural current. No. 6 was arranged so that the experimental 
current was in a direction reversed to the natural current. The time 
in this case was 1 hour, easily past the time during which the tissue 
Uved. In both these cases no positive result was attained, and it 
seems to show that the plasmosome is not moved by these currents. 
Whether it would be moved by such currents if they were applied to it 
while it still lived, for weeks or months, can not be said. Currents of 
this sort which do not kill the tissue have been applied to plant cells 
by McClendon (25), also by Pentanalli (29), and to animal cells by 
^inkhn (9) and LiUie (23). 
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in it, but the plasmosome is always found on the kathodal surface 
of the periehromatin mass, and while it never touches nor sticks out of 
the surface, it does appear to press up in a way that makes a little 
mound of the periehromatin above it. Neither the plasmosome nor 
the karyosomes are changed in structure or size by treatment with 
currents of this strength. 

The kathodal end of the nucleus contains a very fine reticulum of 
meshes, the fibrils of which pass largely in the line of the electric 
current. Sometimes, or even usually, these meshes appear to hold 
one of the karyosomes, which has therefore not been able to move toward 
the anode and join its fellows that are distributed very generally 
through the modified periehromatin mass. Two such cases are to be 
seen in one cell and one in the other cell pictured in figure 19, plate 4. 

This kathodal reticulum grows denser toward the kathodal surface 
of the nucleus and appears to have in it very fine granules of a chromatic 
material, chromatic at least with regard to iron hematoxylin, but not 
quite so strongly to the carmines. 

It will be interesting to draw a short comparison between the 
action of the electric current on this large, highly differentiated nucleus 
of the electric motor nerve-cell and the small nuclei of some of the 
surrounding connective-tissue cells. Such nuclei are seen in figure 19, 
plate 4, and in them one sees a rude approximation to the conditions 
seen in the nerve-cell. The chromatin has been moved toward the 
anode, but has not been melted or dissolved into a homc^eneous median 
as in the electric nerve-ceU. The chromatin masses are still more or 
less distinct and no large plasmosome is apparent. This comparison 
may serve as an index of the superior analjrtical conditions to be secured 
by experimenting electrically with a large, highly differentiated cell 
(such as this nerve-cell) rather than with smaller tissue-cells such as 
have usually been worked with. 

As for the exact processes by which the nucleus of the electric motor 
nerve-cell has been so changed, there is room for difference of opinion. 
It is certain that a large part of it is purely physical and mechanical, as 
described by many writers, but in the present case there appear to have 
been chemical changes as well. The periehromatin seems certainly 
to have undergone some melting or solution of its finer particles (the 
perichromosomes) and a mixture of this with the nuclear fluid; also the 
reticulum in the kathodal half of the nucleus seems to be an entirely 
new structure chemically. Further, the chromatic material in this 
reticulum, as well as the deepHstaining material in the kathodal sector 
of the cytoplasm, appear to be materials that do not differentiate from 
the rest of the cell imder any other circimistances. 

The main point, however, that we learn from this experiment, a 
result that is obtained by all repetitions, is that the plasmosome is not 
moved by this strong electric current all the way toward the kathode. 
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a condition that would have to obtain if its orientation in nature were 
due to the natural dectric current. It does, however, move part way 
there, as far as the dissolved chromatin mass extends. When one 
remembers that this chromatin mass extends throughout the nucleus 
under normal conditions, it seems possible that the electric current, 
when in proper strength, may tend to move the plasmosome in the 
kathodal direction, which is the direction of the orientation that we 
are discussing. This possibility, however, is not a strong one. 

Having considered the results of strong electric currents, I will now 
compare with them some results obtained by what I shall call very 
strong currents, such as were used in experiments on torpedoes Nos. 
5 and 4. 

Figure 20, plate 4, from torpedo No. 5, will show these results satis- 
factorily, and it may be best studied by a simple comparison with the 
last figure (19, plate 4), which represents the effects of stirong currents. 
The same strong trend of the nucleus toward the kathode with the 
resultant semilunar space on the anodal side of it is apparent. Also, 
the movement of the principal chromatic material in a homogeneous 
mass toward the anode. The same littie '' blister,^' probably containing 
a soluble constituent of the nuclear content that has been passed 
through the anodal surface of the nucleus, is to be seen and is even 
larger and better developed than with the strong current. 

This specimen, being stained with iron hematoxylin, shows the 
kathodal collection of chromatic material which, as hists already been 
stated, is particularly susceptible to this stidn. It may also be noted 
that the neurosomes are shown by the fixation and stain and that a 
series of light-staining, elongate areas are to be seen in the cjrtoplasm. 

Two marked differences are seen as a result of increased electric 
action: the anodal aggregation of chromatic material has been differ- 
entiated into a thinner, lighter-staining kathodal layer, and a main 
anodal body that contains the plasmosome and the regularly spaced 
karyosomes. These latter show the second marked difference. Elach 
begins to swell up and acquire a vesicle-like form with a non-staining 
interior. This bubble-like swelling does not begin from the center, but 
from near one side of each karyosome, so that the resulting spherical 
shell has a lump on one side which represents the original mass. The 
writer has no explanation for this reaction. 

Again, we find that our main point to be deducted from the examinar 
tion of these very strong electric-current experiments is that the plas- 
mosome is not moved all of the way toward the kathodal end of the 
nucleus, but that it is moved to the kathodal limit of the anodally 
segregated chromatin. 

It having been concluded that the electric current was not a direct 
cause of the oriaitation, the questicm of gravity was taken up for con- 
sideration. As in the case of electricity, this force was applied to the 
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ceUSf as a centrifugal force, in directionfi at ri^t anglea to the dofso- 
vaitoal direction and also in the ventro-d(UBal direction or the reverse 
of the natural pull of gravity. In practically all cases ibe proper 
controls were secured and it soon became appar^it that this f (xoe 
might be the main cause of the orientation. By referring to the taUe 
it will be seen that 5 experiments w^re performed on tcnpedoes Nos. 8, 
9, 3, 20, and 4. Also, it can be seen that the forces applied to the 
tissues were, in terms of gravity, for torpedo No. 8, 1 time gravity in 
reverse direction to nature for 8 days; for torpedo No. 9, 40.6 times 
gravity for 2 minutes at right angles to force of gravity in nature; for 
torpedo No. 3, 543 times gravity for 2 minutes at right angles to 
gravity in nature; for torpedo No. 20, 601 times gravity in reveae 
direction to nature for 30 minutes; for torpedo No. 4, 828 times gravity 
at right angles to nature for 30 minutes. 

Thus we have a series of 5 experiments ranging from the natural 
force of gravity reversed and applied for 8 days up to 828 times gravity 
applied for 30 minutes. 

The first experiment of this series, on torpedo No. 8, yielded no 
visible results. In this case we had a small fish to deal with, which 
somewhat lessens the value of the experiment. No orientation ap- 
peared in the brain as a result. Thus the questions are left open: 
Did any orientation exist in a ventral direction which had been nullified 
by the experiment? And, would a result have appeared if the fish 
were larger and had possessed a natural orientation? Another experi- 
ment of this nature should have been tried on a larger fish, but the 
two questions can still be answered, I think: the first by tiie state- 
ment that all small fish possess no orientation, or very littie, and the 
second by a similar experiment performed on an adult Tetronarce oeo- 
dentalis, to be described in another paper, in which the plasmosomee are 
always oriented sharply m the ventral position. The same experiment 
performed on this large fish showed that gravity alone could not move 
the plasmosome in 7 days in this adult form. 

Turning to experiments on torpedo No. 9, we find that we are dealing 
with a 16 cm. fish, which is small, but not as small as torpedo No. 8. 
The control made in this case shows that a considerable amoimt of 
natural orientation was present, about 16 per cent. The force applied 
as a centrifugal force by the centrifuge was low compared to the lat^ 
experiments, but high compared to gravity, being a littie over 40 times 
that measure. The time was 2 minutes and perhaps should have been 
longer to show a complete negation; still, since some of the later 
experiments with stronger forces were also of short duration, we can 
feel satisfied that real results are being secured and real comparisons 
being made. The results in this example were completely negative, 
showing that when 40 times the force of gravity is applied for 2 minutes 
the contents of the nucleus remain imdisturbed. 
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The next experiment, on torpedo No. 3, was positive in its results. 
The force used was 543 times gravity for 1 minute. The plasmosomes 
were all moved by an anterior-posterior centrifugal force of this strength 
from varying positions, mostly ventral, to a position in a posterior arc 
of about 40 degrees. (See text-figure 6, zg.) In this arc the nuclear 
wall is so flat with respect to the direction of the force exerted that it 
makes very little difference in what portion of such an arc a plasmosome 
comes to rest, just as the natural force of orientation always brings it 
into the arc xy (text-fig. 6), but into any part of that arc. Thus, in 
text-figure 6, we have a diagram representing the outline of a nucleus of 
one of the electric motor nerve-cells with one arrow representing the 
direction of the force of 
gravity and another rep- 
resenting the centrifugal 
force as applied in this 
experiment on No. 3, as 
well as in other ex- 
periments where greater 
forceswere employed. In 
such a cell the normal po- 
sition of a naturally ori- 
ented plasmosome is at 
1-a, although it may rest 
in any part of the arc xy, 
as at 1-6 or 1-c. When 
centrifugal force is ap- 
plied of sufficient extent 
to change the position of 
the plasmosome it moves 
in the direction indicated 
by the two-barbed arrow 
until it comes to rest on 
the arc zg. If the plasmosome starts from 1-a, or evai from a more 
dorsal position, as 3-a, it wiU come to rest well in the ventral part of 
the arc 29 or at 2-a. In this case it rolls along the curved outline of 
the nucleus until the first part of the arc is reached at g, when it stops 
because the angle is too obtuse. If it starts from a median position, 
as at 3-6, or from any position on a median line with reference to the 
centrifugal force applied, as at 3-e or 3-/, it will come to rest in the 
center of the arc 29 at 2-6. If it lies in the dorsal half of the nucleus 
as at 3-d or 3-c it will be located by the centrifugal force at 2-c. 

Thus it becomes very easy to estimate the percentage of the central 
orientation of the plasmosome, even after centrifugal force has been 
applied at right angles to gravity and the plasmosome has been re- 
oriented by this new factor. Ventrally oriented plasmosomes will 
become located in the ventral portion of the centrif uged mass of chro- 
matic material as indicated in text-figure 6. 




Fio. 6. — Diagram ahowiiic arc in whioh the plasmosome 
wiO not more when it aniTes from any part of 
the nucleus. 
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It was very noticeable that only the plasmosome was moved and 
that the other structures in the nucleus appeared to maintain their 
positions. In some few cases a few of the chromatin bodies seemed to 
be moved from their position with relation to the other bodies in the 
nucleus, but for the most they were not disturbed. Figure 21 , plate 5, 
shows one of these cells. 

An interesting cytoplasmic change took place in this specimen, which 
may be mentioned here. The whole nucleus, as well as the cell itself, 
appeared in a number of cases to be slightly flattened by the pressure, 
and as a result a circular equatorial channel filled with lymph4ike 
fluid appeared to girdle the nucleus. From this belt-like channel a 
series of radiating lines of some form of non-staining cytoplasm pass 
out. They are not fibrillar in nature and the whole structure simulates 
superficially a centrosome. This torpedo was of large size. 

In the next gravity experiment, on torpedo No. 20, a force of 601 
times gravity was applied for a period of nearly half an hour. The 
control showed 90 per cent ventral orientation, as might be expected 
in so large a fish (37 cm.). As has been related in the account of the 
experiment, the force was applied in a ventro-dorsal direction, with the 
result that not only the plasmosome but all of the chromatin bodies 
were thrown against the dorsal wall of the nucleus. The plasmosome 
lay nearest to and against the nuclear wall. The chromatin bodies 
lay in a mass with its level inner edge forming a secant of the circular 
outline of the nucleus. It was noticeable that the chromatin bodies 
showed no signs of flattening and that the central body or karyosome 
had not moved through the perichromatin; the whole structures (chro- 
matin bodies) thus appear to be bodies of considerable fimmess. Nor 
were the entire chromatin bodies very closely packed ; they still retained 
their round outlines. 

A question suggests itself here: does the plasmosome yield to in- 
creasing centrifugal force first because it is not so strongly held as the 
chromatin bodies or because it is actually heavier? This can be 
answered, I think, from an inspection of the control or normal material. 
In such sections (see fig. 2, plate 1, and figs. 4 to 9, plate 2) one can 
easily see that the plasmosome is connected with all parts of the nuclear 
wall by a considerable number of strands of loosely wovai fibrils and is 
evidaitly held in its position in the nucleus by as strong if not a 
stronger set of structures than are the chromatin bodies. 

The last experiment of the gravity kind to be considered is that 
performed on torpedo No. 4, in which a force of 828.5 times gravity 
was applied by centrif uging a portion of the electric lobes in a direction 
at right angles to the natural force (anterior-posterior). The propor- 
tion of ventral orientation in the control was 70 per cent and with the 
large artificial force applied the entire number of chromatin bodies as 
well as the plasmosome were thrown against the posterior wall of the 
nucleus. 



j 
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The general results were in a large measure like those (ound in the 
preceding experiment (see fig. 23, plate 5). A careful comparison of 
the two experiments will show such difference as came out. 

The plasmosome was evidently thrown down with greater force. 
In many cases it dented the nuclear membrane. As in all other cases, 
however, it was not in the exact center of the thrown-down mass, but 
occupied one comer, the central comer, in a proportion of the cases 
that corresponded fairly well with the percentage of orientation, 70 
per cent. The shape of the plasmosome was in no way changed, except 
in a few cases which might well have been caused by the fixative. 

More of a change than this appeared, however, in the chromatin 
bodies. These structures had been flattened somewhat in most cases 
and in some cases were much flattened. The flattening, in all cases, 
was seen only in the perichromosomes and no signs of such a condition 
were visible in the karyosomes. These objects had not only retained 
their shape, but were also always in the center of the flattened chroma- 
tin bodies, as being in this case the center of an oval instead of a circular 
mass. It was also tme that the mass of perichromatin was in most 
instances much smaller than in the control, and this appeared to be 
due to a loss of some part of the material rather than to its compression. 
However, the same phenomenon is often true in normal specimens, 
where it appears to be a result of certain fixations. 

Another varying condition in this specimai, as well as in torpedo 
No. 20, was seen in the achromatic portion of the nuclear content. 
This material has usually been figured and described as a reticulum 
of some kind with a more fluid material, the ''nuclear sap,'' in its 
meshes; and it does so appear in most of the nuclei of the motor 
electric nerve-cells of Torpedo, as seen in moimted sections under the 
microscope. The variation as noticed here consisted in the sizes of 
the meshes of the reticulimi. Some showed a coarse meshwork and 
others a very fine one, with all intermediate sizes of mesh to be seen 
in the specimen. This reticulimi has been considered by many investi- 
gators to be an artifact in part or in whole, and in particular the 
researches of Kite and Chambers and others show that, in the living 
cell, no such network of fine fibrils exists in reality. In the torpedo's 
electric motor nerve-cell this reticulimi is clearly shown to be an artificial 
condition by the fact that with most of our standard fixations the outer 
layers of cells in a mass of fixed tissue show a finer reticulum in the 
nucleus, while the inner cells in the same bit of tissue show a coarser 
pattern. 

This reticulum is not an alveolum, in that its various cavities break 
into one another at frequent intervals. It is a real reticulum, but not 
one composed of thin threads. Rather it appeal^ to be such a reticulum 
as would be formed if the dividing walls of an alveolum were to be 
broken or punctured through at frequent intervals. Its varying pat- 
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t^ns needed explanation and some teased fresh cells were put between 
cover-glass and slide and Flemming and other fixatives were run in 
iinder a 2 mm. apochromatic immersion lens with the best condition 
of lighting. 

According to many investigatcNs (Kite (22), Chambai^ etc.), the 
achromatic contents of the nucleus during life are a thin cc^oidal sol 
which sometimes i^proaches a delicate gel in consistency. In the 
present case the writer has rather hurriedly dissected the nudeus under 
the Barbour apparatus and noted that it is a viscous gel, which is y&ry 
soft and almost a sol in its fluidity. No traces could be observed of any 
fibrillation, either by an optical examination or by a physical examina- 
tion with the glass needles. 

This viscous fluid was carefully watched as the fixing fluid came in 
contact with it, and the following process seemed to take place: Tlie 
fixative (Flemming's fluid seemed to give the best picture) advanced 
slowly on a more or less straight front with a fairly definite line between 
the portion that it had invaded and the parts as yet untouched. It 
seems probable that this fluid with its dense content of salts advances 
by a combination of an osmotic action and a mechanical rupture of the 
fixed wall that is always in front of it. The line of division mentioned 
above was seen to bend into a series of rounded pockets, which were 
broken inward by the increasing osmotic pressure and convection 
currents of the fixative biurst into the unfixed mass of nuclear material. 
They fixed the new surfaces thus brought into ccmtact with them, and 
then the process of bending inward portions of the new line of contact by 
osmotic pressure and again breaking through to form new cavities was 
resumed. As the fixative penetrates further, it becomes diluted and 
less vigorous in its action, and the united osmotic action of its salts 
on the line of contact becomes less. Consequently a larger portion of 
the line is bent in and broken, the successive pockets of inruption 
become greater, and the resulting mesh becomes larger, as seen in the 
fixed specimen. 

In fixation by gases, such as by f ormol and by osmic-acid vapor, the 
penetration is by diffusion and the mechanical factor does not entar 
into the process. Also, in fixation by many fluids the diffusion of 
gases proceeds ahead of the osmotic-pressure action and we have 
nuclei whose contents are apparently homogeneous. 

It can be seen that this combined chemical and mechanical action 
would account for the coagula that have been described for many body 
fluids and which are so characteristic for the blood and lymph fluids 
of many animals. An examination of such a coagulum is sufficient in 
many cases for an expert histologist or pathologist to state what fluid 
it is, what fixation has been used, and how far the cell or tissue ex- 
amined was from the surface of the bit of tissue that was fixed. 

One further experiment was tried, to throw light on the point of issue 
between Magini and Coggi as to the meaning of the dorsal meniscus 
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seen by Magini in several cases and ascribed by him to the physio- 
logical activity ot the cell. Coggi contended that this space was due 
to the strong osmotic action between a fixing fluid and the fluids of the 
cell. 

The experiment performed by the writer was to place a brain of 
Torpedo oceUata (No. 21) in ocme light fluid, 95 per cent alcohol being 
used. This fixed the tissues^ and when sections were cut it was found 
that the osmotic action had forced all the contents of each nucleus in 
a centripetal direction, leaving the spaces described by Magini on the 
outer side. These meniscoidal spaces are not outside of the nucleus, 
however, but are formed within its nuclear membrane, which retains its 
roimded shape. All contents of the nucleus take part in the movement, 
leaving an absolutely vacant space to form the meniscus. 

As text-figure 5 will show, this acticm is centripetal with referoice 
to the mass of the brain, so that latatdly placed cells have the m^iiscus 
on their outer lateral side and some placed on the under side of the edge 
of the lobe have it placed neariy on the ventral side. Magini overiooked 
these fewer exceptions to the general conditions when he stated that 
the meniscus was always placed dorsally, in addition to his mistake of 
assuming that the neurite always l^t tJie cell in a ventral direction 
and that the physiological action of the cell as described by him was 
dorso-ventral in direction. 

SUMMARY AND CX>N<XUS!ONS. 

The net result of the three gravity experiments on torpedoes Nos. 3, 
4, and 20 seems to show that the plasmosome is the heaviest body in 
the nucleus, imdoubtedly heavier in actual weight than the chromatin 
bodies and probably of a greater specific weight than any of the other 
nuclear organs, with the possible exception of the karyosomes. In 
young fish this plasmosome seems to have a central or general distri- 
bution, while in older or larger fish it acquires a constantly increasing 
ventral oriaitation, which the writer believes due to its increasing size 
and weightf together with a less resistant condition of the nuclear 
content to its slow movement through its mass. It may be said (and 
the observations, as shown in the table, bear it out) that in the small 
specimens of Torpedo wider 12 cm. in length, nearly all cases show no 
orientation. From 12 cm. up a slowly increasing and quite irregular 
orientation in the ventral direction takes place, due to the increasing 
weight of the plasmosome, and greater or less in amount according to 
the resistance to its movemait offered by the physical condition of 
the nuclear content. This content must be very slightly modified in 
its solidity, viscosity, etc., by food, by depth and water-pressure, and 
by individual variation. Such modification, however slight, would 
account for the variation in the amount of orientation found in different 
fully grown fish. 
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Such movement of the plasmoeome must depend largdy upon growth 
changes and readjustment in the nucleus which favor its passage 
through the achromatin. It certainly takes place v&ry slowly, as can 
be inferred by examining the table of experiments, and the irregularity 
and slowness of the process seem to confirm the hyix>the8is that it is 
not a vital factor but a sort of by-product or accidaital and uninqx>r- 
tant feature of the development of this cell. 

Magini's observations may be assumed to be correct, but the mis- 
fortune of finding an orientation in the fish that he vivisected and none 
in those which had been allowed to die without a strong previous use 
of the electric organs led him to formulate an incorrect if attractive 
theory. His further statements concerning the meniscoidal spaces at 
the- dorsal side of the nucleus after great electrical activity were in- 
correct, as it was osmotic action that caused this ccHidition — ^the action 
of either the fixatives or the subsequent alcohols. 

The part played by the electric current in the physiology of this cdl 
is probably negligible. While very strong currents did move the 
plasmosome or appear to control its position to a limited degree, the 
weak currents did not seem to influence it in any way. Gravity thus 
seems to be the cause of the oriaitation in question, which is not 
accomplished in this fish until later adult life, and is then a more or 
less variable factor of its structure. 
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EXPLANATION OF PLATES. 

All figures represent parts or the whole of electric motor nerve-cells from either Torpedo 
marmorata or Torpedo ocellata, which the writer believes to interbreed and to be structurally 
the same. 

Magnifications are not given, because absolute measurements of the average cell are given 
in the text. 

Where the results of experiments are shown the natural direction of gravity and the 
natural direction of the electric current are indicated by an arrow with one barb, while the 
applied centrifugal force and the applied experimental current are indicated by an arrow 
with two barbs. 

Plate 1. 

Fig. 1. A normal cell, from Torpedo marmarata, No. 16. Fixed in Bouin's fluid to which 
5 per cent potassium bichromate was added. Iron hematoxylin. Shows large and numerous 
spindle-shaped chromophyllic bodies; also smaller, round, and deeper-stained neurosomes 
situated between chromophyllic bodies. One large and one small plasmosome. No telo- 
nucleolus. Typical chromatin bodies. 

Fig. 2. A normal cell from Torpedo oceOata, No. 1 . Bouin fixation. Cut in celloidin after 
bulk-«taining with borax carmine and hemalum. One large and one small plasmosome. 
The small plasmosome lies inside of a telonucleolus. Several elongate and dariLer-staining 
nerve-«heath nuclei outside of cell; also three larger, rounder, and lifter-staining neuroglia- 
cell nuclei. 

Plate 2. 

Fig. 3. A living cell from Torpedo marmorata, No. 16, seen with 2 mm. apochromatic 
objective, under very slight pressure oi cover-glaas and with iris diaphragm well cut down 
to bring out refractive properties of cell-«tructures. Plasmosome, karyosomes, nuclear 
membrane, and neurosomes sharply brought out. Perichromoeomee slightly brought out, 
and cytoplasm granules around nuclear membrane weakly brought out. Some trace of 
chromophyllic bodies to be seen; also ci neurofibrils. 

Figs. 4, 5, 6, 7, 8, .and 9, nuclei from cells of several torpedoes, to show different arrange- 
ments of plasmosomes and oi telonucleolus when present. 

Plate 3. 

FiGB. 10 to 18. A series of cells from Torpedo marmorata, No. 16. Macerated for 3 hours 
in one-third alcohol and teased in very weak glycerin on dide. Distribution and coIot of 
neurosomes well shown. Form of individual neurosomes not well shown, as only masses 
of them appear. The functional polarity oi the cell well known. Dendrites tend to gather 
at one end or pole and neurite with heaviest masses oi neurosomes at the other. Cells do 
not lie in natural relative positions in plate, as selected specimens were drawn from different 
slides. 

Plate 4. 

Fig. 19. Two cells from a section oi the electric lobe of Torpedo oceUata, No. 3, through 
which a current was run from left (anode) to right (kathode). These cells show the general 
pressure on the entire nucleus in the kathodal direction, which appears to result in the 
appearance of the semilunar space on the anodal side. The other changes as described in 
the text. 

Fig. 20. A single cell from the electric lobe oi Torpedo oceUata, No. 5, to which a very 
strcMig current has been applied for 30 seconds from left (anode) to right (kathode). Fixed 
in sublimate, stained in iron hematoxylin. Shows increased results over preceding experi- 
ments. For description see text. 

Plate 5. 

Fig. 21. A cell from Torpedo oceUata, No. 3, that has been subjected to a centrifugal force 
of 543 times gravity (or one minute. Nucleus somewhat ccnnpressed and an equatorial 
canal formed. Plaonosomes alone moved by the force. Bouin fixation. 

Fig. 22. A cell from Torpedo oceUata, No. 20, which has been subjected to a force of 601 
times gravity for about half an hour and in a ventro-dorsal direction. Both plasmosome 
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and chroDutin bodies moved by this force against dorsal side ot auoLeuB. Coarse linin 
reticulum due to c«Il being situated in interior of specimen. Bouin fixation. 

Fio. 23. A cell from Torpedo marvwrala. No. 4, which has been subjected to & centrifugal 
force (rf 828.6 gmvity in the anterior-posterior direction for 30 minutea. Both plaamoaoine 
and chromatin bodies have been thrown to the caudal side i^ the nucleua. FlemminK'B 
fixation. The perichromatin has been partly dissolved by the fixative, thua makinR the 
cbromatin bodies smaller; and the fine linin reticulum indicates that this cell lay very near 
to the surface of the bit of tuaue that was thrown into the fixative. 

Plate 6. 

Fio. 24. General view, with partial dissection, <A upper surface <A Torpedo marmoraia. 
Shows the two lateral electric organs and the brain with its electric lobes lying centrally 
between the electric oi^ana. After Fritsch. 

Fio. 25. Vertical, transverse section taken througli fish seen in fig. 24. Shows the two 
lateral electric organs with their vertical column of flat disks, the electroplaxes, and the 
brain, cut in the region of the electric lobes, lying between the electric organs. The polarity 
of the E. M. F. generated in the electric organs is indicated by the plus and minus signs. 

Fia. 26. Transverse section through medulla oblcngata of Torpedo marmorata. The 
section passes through the thickest part of the electric lobes, whose large motor nerve-cells 
are seen to compose the greater part of its mass. The nerve processes of these cells are 
seen to be leaving the lobes laterally ss the large electric nerves thatjgo'to the electric organ. 
After Fritsch. 
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